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ABSTRACT 

During 1983 and 1984 approximately 5,800 a d u l t  salmon (Oncorhynchus) were 
tagged with Floy spaghe t t i  t a g s  in  Upper Cook I n l e t ,  Alaska. A t a g  r e t u r n  
r a t e  of 30.4% was r e a l  ized from a1 1 tagging ope ra t ions  and recovery e f f o r t s .  
The mixed s tock  and mixed spec i e s  na tu re  of Upper Cook I n l e t  f i s h e r i e s  was 
f u r t h e r  def ined ,  but  no add i t i ona l  geographical s epa ra t ion  of  manageable 
s tocks  o r  spec i e s  was i d e n t i f i e d .  No tagged salmon were recovered o u t s i d e  of 
Cook I n l e t .  Salmon migratory behavior was hypothesized t o  r e l a t e  t o  home 
stream in f luence  because primary migratory pathways i d e n t i f i e d  corresponded 
t o  s u r f a c e  c u r r e n t  p a t t e r n s  and r e s u l t a n t  proximity of f reshwater  sources .  A 
delay i n  migrat ion of sockeye salmon (0. nerka) was a l s o  hypothesized because 
measured migratory r a t e s  of sockeye salmon decreased from 38 t o  41 km/day f o r  
f i s h  tagged o u t s i d e  Cook I n l e t  t o  l e s s  than 20 km/day f o r  f i s h  tagged wi th in  
Upper Cook I n l e t .  An e s t ima te  of commercial e x p l o i t a t i o n  r a t e s  was made f o r  
chum salmon in  1983. In add i t i on ,  during 1984 t h e  f e a s i b i l i t y  of captur ing  
and son ic  tagging  chinook salmon (0. tshawytscha) was demonstrated. 

K E Y  WORDS: Upper Cook I n l e t ;  salmon; tagging;  migratory behavior;  migratory 
r a t e  



INTRODUCTION 

Background 

Since the  i n i t i a t i o n  of a commercial f i shery in Upper Cook In l e t ,  Alaska 
(Figure 1) in the  l a t e  1800fs, management biologis ts  and fishermen have 
discussed the  behavior, migratory r a t e s ,  and abundance of the  various salmon 
stocks within the  In l e t .  All f ive  species of salmon are  harvested in Cook 
In l e t  and the  r u n  timing of most stocks coincide (Figure 2 ) ,  c reat ing a mixed 
stock f i shery .  Because of t h i s  phenomenon, management b io log is t s  a re  faced 
with a continuing dilemma of how t o  harvest the  surplus of some stocks while 
allowing su f f i c i en t  adult  salmon of weaker stocks t o  escape the  f ishery t o  
spawn. The geographical s i z e  of Upper Cook In l e t  (2,600 km2) combine with 
s ign i f ican t  oceanographic features  t o  fu r ther  compl i c a t e  and 1 imi t management 
options. 

Upper Cook In l e t  i s  presently divided in to  two d i s t r i c t s ,  Central and 
Northern, f o r  the  purpose of commerci a1 f i she r i e s  management (Figure 1 ) .  The 
Central D i s t r i c t  i s  divided in to  s i x  subdis t r i c t s  and the  Northern D i s t r i c t  
i s  s p l i t  in to  two subd i s t r i c t s  (Figure 1 ) .  With the exception of the  Chinitna 
Bay Subdis t r i c t  of the  Central D i s t r i c t  where purse seines are  allowed t o  
f i sh ,  g i l l  nets  a re  the  only legal salmon f ishing gear in the  Upper In l e t .  
Set  g i l l  nets  and d r i f t  g i l l  nets  a re  allowed by regulation in the  Central 
D i s t r i c t ,  and only s e t  g i l l  net t ing i s  allowed in the Northern D i s t r i c t .  
Approximately 600 d r i f t  g i l l  net permits f i sh  the  Central D i s t r i c t ,  and 
between 550 and 600 s e t  g i l l  net permits are  f ished annually throughout the  
In le t .  The f ishing season generally extends from the  end of June unt i l  mid- 
August. Examination of commercial harvest data collected since 1954 (Figures 
3 and 4)  revealed t ha t  recent returns of salmon t o  Upper Cook I n l e t  are a t  
record or  near record leve l s .  

In addition t o  a commercial f i shery,  Upper Cook I n l e t  i s  the  focus of a spor t  
f i shing e f f o r t  in which over a million angler days per year are  expended. 
Since 1977, t h i s  e f f o r t  has comprised between 54% and 59% of the  t o t a l  sport  
f i shing angler days fo r  the  s t a t e  (Hilsinger 1987). The type of f i sh  sought 
are  adul t  salmon with the  annual catch ranging between 198,000 and 348,000 
f i sh  s ince  1977. This intense e f f o r t  has resul ted in major a l locat ion 
disputes between commercial and sport  fishermen. Chinook salmon (Oncorhynchus 
tshawytscha) and coho salmon (0. kisutch) stocks bound f o r  the  Kenai River 
(Figure 1 )  o r  Northern D i s t r i c t  streams are  the  subjects of dispute.  

The increasing complexity of the  Upper Cook In le t  f i she r i e s  has placed 
additional pressure on research and management personnel t o  provide 
commerci a1 f i shery  harvest options re1 a t i  ve t o  regulatory and bi 01 ogical 
requirements. In t h i s  context, the  Alaska Department of Fish and Game (ADF&G) 
has expended considerable e f f o r t  s ince  1966 t o  develop systematic and 
coordinated programs t o  manage Upper Cook In l e t  sockeye salmon (0. nerka) 
stocks on a s tock-specif ic  basis .  For example, the t o t a l  return of sockeye 
salmon entering Upper Cook In l e t  i s  estimated by entry  pattern analysis  
(Waltemyer 1987). As sockeye salmon a re  harvested within the  I n l e t ,  the  
various stocks a re  d i f f e r en t i a l l y  separated through stock separation scale  
pattern analysis  techniques as t o  t h e i r  r i ve r  of or igin  (Cross e t  a l .  1986). 



In addition, the number of spawning sockeye salmon are estimated by 
hydroacoustic enumeration of adults entering the major river systems of the 
Inlet (Tarbox et a1 . 1983). These data provide an estimate of how well 
management actions are achieving the desired harvest, and how well escapement 
goals are being met. Although these programs have significantly improved 
overall management capabilities, the need for additional information on 
migratory rates and behavior of sockeye salmon stocks within the Inlet 
rernai ns . 
The existing information on other salmon species in Upper Cook Inlet takes a 
variety of forms. Harvest data by statistical area are available for the 
period 1966 to present. In most cases the number of spawning adults and the 
exploitation rate of the commercial fishery have not been estimated. In 
addition, knowledge of the migratory behavior of these species within the 
Inlet is lacking. In essence, the development of management programs for 
these species has not progressed at the same rate as for sockeye salmon. 

Recognizing these deficiencies, ADF&G embarked on a program in 1983 to 
develop a management regime for all salmon species based on stock-specific 
data. This program consisted of the following sub-programs: (1) summarization 
of existing catch and escapement data by statistical area. This was 
accomplished through development of computer programs for data retrieval and 
analysis of run timing, run strength, and age/length data; (2) estimation of 
the total return of chum salmon (0. ke ta ) ,  coho salmon, and pink salmon (0. 
gorbuscha) stocks inseason through expansion of the test fish programs; (3) 
monitoring of escapement into selected streams and development of counting 
techniques for the Susitna River system (Figure 1); (4) sampling of all 
salmon species in the commercial catch and escapement for age, length, and 
weight data; (5) further definition of migratory rates and behavior of salmon 
within the fishing districts of Upper Cook Inlet; and (6) estimation of 
commercial exploitation rates on chum salmon, coho salmon, and pink salmon. 

This report presents the results and discussion of data from a 2-year 
investigation of salmon behavior coll ected by tagging individual fish. The 
specific objectives of the study were to: (1) assess spatial and temporal 
migratory behavior of salmon entering the Central District; (2) estimate the 
exploitation rate of the commercial fishery for chum salmon, coho salmon, and 
pink salmon; and (3) determine the feasibility of capturing and sonic tagging 
chinook salmon migrating along the western shore of the Kenai Peninsula. 

Review o f  Previous Studies 

In 1922 the United States Department of Commerce, Bureau of Fisheries 
initiated extensive salmon tagging studies in Alaska. The first reported 
investigations in Cook Inlet occurred in 1929 under the general direction of 
Willis H. Rich and were reported by Thompson (1930). The overall objective of 
the program was to determine the direction of salmon migration from the 
entrances of Cook Inlet. Four tagging locations were selected in 1929; Flat 
Island, Nubble Point, Cape Starichkof, and Nikishka Bay. A total of 788 
sockeye salmon, 831 pink salmon, 224 chum salmon, and 48 coho salmon were 
tagged between 14 June and 24 July. The return of tags from sockeye salmon 
tagged at Flat Island indicated a northerly migration to streams located 



south of Anchor Poin t .  Sockeye salmon recovered from t h e  Nubble Point  e f f o r t  
revea led  t h a t  21.6% of t h e  r e t u r n s  were from Upper Cook I n l e t  spawning a reas .  
Of 202 sockeye salmon tagged a t  Cape Star ichkof  on 22 J u l y  1929, most 
r ecove r i e s  came from northern l o c a t i o n s  along t h e  western shore of t h e  Kenai 
Peni nsul a .  There were, however, 20 t a g s  (27% of r ecove r i e s )  r e tu rned  from 
Kachemak Bay. In add i t i on ,  pink salmon r ecove r i e s  i nd ica t ed  t h a t  t h e  
p r inc ipa l  migrat ion f o r  t h i s  spec i e s  was sou theas t  i n t o  Kachemak Bay. On 21 
J u l y ,  245 sockeye salmon were tagged a t  Nikishka Bay in  an at tempt  t o  r e so lve  
whether sockeye salmon captured on t h e  e a s t  shore of Cook I n l e t  nor th  of t h e  
East Fore1 ands were bound exc lus ive ly  f o r  Northern D i s t r i c t  s t reams.  
Thompson (1930) noted t h a t  " i t  i s  q u i t e  apparent  t h a t  most of t h e s e  f i s h  were 
bound f o r  t h e  spawning grounds south of East Foreland, and 46.5% of t h e  
r ecove r i e s  were made i n  t h e  immediate v i c i n i t y  of t h e  Kenai and Kasi lof  
Rivers ."  No information on migratory r a t e s  was presented from t h e  1929 
tagging e f f o r t .  

Following a 20-year h i a t u s ,  t h e  United S t a t e s  Fish and Wi ld l i f e  Serv ice ,  
Bureau of  Commercial F i she r i e s  con t r ac t ed  with t h e  F i s h e r i e s  Research 
I n s t i t u t e  a t  t h e  Univers i ty  of Washington t o  renew salmon tagging  e f f o r t s  in  
Cook I n l e t .  These s t u d i e s  were repor ted  by Tyler  and Noerenberg (undated)  and 
covered t h e  tagging  y e a r s  1949, 1954, 1955, 1957 and 1958. The o b j e c t i v e s  of 
t h i s  e f f o r t  remained e s s e n t i a l l y  t h e  same a s  t h e  1929 s t u d i e s  with t h e  
d i r e c t i o n a l  movement of salmon and degree of s epa ra t ion  of s tocks  a primary 
o b j e c t i v e .  In add i t i on ,  t h e  r a t e  of movement and proport ion of tagged f i s h  
re turned  were examined. I t  should be noted t h e  a b i l i t y  t o  count sockeye 
salmon i n  t h e  g l a c i a l  r i v e r s  of Upper Cook I n l e t  was not developed u n t i l  t h e  
l a t e  1960's;  t h e r e f o r e ,  an es t imat ion  of t h e  e x p l o i t a t i o n  r a t e  of t h e  
commercial f i s h e r y  was of cons iderable  i n t e r e s t  during t h i s  per iod .  The 1949 
tagging  e f f o r t  was seve re ly  l imi t ed  in  scope, c o n s i s t i n g  of tagging  only 397 
sockeye salmon captured on Chisik I s land  and 8 km south of  Cape Kas i lof .  Tag 
r e t u r n s  were e n t i r e l y  from t h e  commercial f i s h e r y  and represented  42% of  t h e  
tagged populat ion.  

In 1954 t h e  geographical a rea  of tagging was extended t o  t h e  mid- I n l e t  a r ea  
e a s t  of Chis ik  I s l and  and t h e  v i c i n i t y  of  Kalgin I s land  dur ing  J u l y .  A t o t a l  
of 478 and 905 sockeye salmon were tagged a t  each l o c a t i o n ,  r e s p e c t i v e l y .  
Tag r e t u r n  r a t e s  were approximately 41% and 42% f o r  each a rea  with most 
r e t u r n s  from t h e  e a s t  shore of Upper Cook I n l e t .  No t a g s  were r e tu rned  from 
a reas  o u t s i d e  Cook I n l e t .  Based on t h e  commercial f i s h e r y  r e t u r n s  t h e  average 
d i s t a n c e  t r a v e l e d  p r i o r  t o  cap tu re  was 48.5 km, and time a t  l i b e r t y  was 6.4 
days f o r  sockeye salmon r e l eased  a t  Kalgin I s land .  A s i m i l a r  migratory r a t e  
was noted f o r  Chis ik  I s land  r e l e a s e s .  

Kal i fonsky and Salamatof Beaches were t h e  focus of  tagging e f f o r t s  i n  1955 
with 1,198 sockeye salmon r e l eased .  An add i t i ona l  120 f i s h  were tagged a t  
Kalgin and Chis ik  I s land  but r e t u r n s  were t o o  few t o  be meaningful.  No 
r ecove r i e s  from f i s h  tagged on Kalifonsky and Salamatof Beaches were repor ted  
by t h e  d r i f t  g i l l  n e t  f l e e t ,  however; a r e t u r n  r a t e  of 31% was recorded from 
s e t  n e t  s i t e s  and t r a p s .  The average number of days before r ecap tu re  was two 
t o  t h r e e  depending on gear  type.  

The major tagging  e f f o r t  took pl ace i n  1957 and 1958 when approximately 3,802 
sockeye salmon, 758 chum salmon, 2,244 pink salmon and 612 coho salmon were 
tagged. The f i s h  were tagged a t  a v a r i e t y  of  l o c a t i o n s  throughout Cook I n l e t ,  



including mid-Inlet re leases  from a chartered se ine  vessel .  The majority of 
f i s h  tagged, however, was captured in commercial t r aps .  Results of these 
investigations revealed salmon tagged north of Anchor Point showed 
e s sen t i a l l y  northward movement from the  point of re lease .  An exception t o  
t h i s  pattern was observed a t  ce r ta in  times f o r  Chisik Island re leases .  In 
1957, 26% of the  re turns  from late-June re leases  were reported from along the 
Alaska Peninsula. Releases from south of Anchor Point resul ted in 
"substant ia l"  re turns  from areas outside Cook In l e t .  

Tag re turns  fo r  sockeye salmon released along the  eastern shore of Cook In le t  
and Kalgin Island averaged 36%, which was approximately 9% higher than 
re turns  f o r  sockeye salmon tagged a t  other locations.  The importance of the 
Kenai and Kasilof Rivers as major sockeye salmon producing streams was 
ver i f i ed  because sockeye salmon tagged along the  ea s t  shore of Cook In le t  
were found t o  be bound primarily fo r  these streams. Rate of migration was 
estimated t o  be 3.2 t o  8.0 km/day f o r  sockeye salmon tagged a t  Kalgin Island 
and the  eas t s ide  beaches while the  migratory r a t e  fo r  f i s h  tagged a t  Chisik 
Island and southern Cook In l e t  below Anchor Point averaged 17.6 t o  36.9 
km/day. No migratory r a t e  data were presented on salmon species other than 
sockeye salmon . 
Data on pink salmon tagged north of Anchor Point suggested t h a t  the  Susitna 
River was a major producer of t h i s  species.  Pink salmon tag re turns  from f i sh  
tagged a t  Ninilchik Beach indicated a t  l e a s t  two stocks passed t h i s  locat ion.  
Tag re turns  from ear ly  July were primarily from the  Susitna River, while l a t e  
July re turns  were from the  Kenai/Kasilof Rivers. 

Conclusions on chum salmon and coho salmon were l imited t o  suggestions t ha t  
the  major producer of these species f o r  f i sh  tagged north of Anchor Point 
were Northern D i s t r i c t  streams, mainly the  Susitna River. 

METHODS 

The tagging of salmon t o  study migratory behavior and pat terns  i s  a standard 
tool used by numerous invest igators  in both coastal and high seas experiments 
(Hartt  1966). However, the  success of a project  requires:  (1) e f fec t ive  
capture gear and vessel ; (2) minimization of hand1 ing s t r e s s  during tagging; 
(3) an e f fec t ive  tag type; (4) recapture success including public awareness 
i f  user group re turns  are  par t  of the  recapture programs; and (5)  se lect ion 
of analysis  procedures. 

During 1983 and 1984 the  major salmon tagging operations were conducted in 
the  Central D i s t r i c t  of Upper Cook In l e t  in what i s  commonly referred t o  as 
the  mid-Inlet area (a lso  referred t o  as offshore in t h i s  paper). Unlike 
previous invest igat ions  where p i l e  t raps  were available as  a capture method 
the  avai lable  gear types were l imited t o  purse seine or  g i l l  net techniques. 
Hartt (1963) discussed the  r e l a t i ve  effectiveness of g i l l  nets  and concluded 
t ha t  although they were an e f fec t ive  means of capturing salmon, they were not 
a pract ical  gear fo r  tagging salmon a t  sea. Therefore, a chartered 12.8-m 
purse seine vessel was selected t o  capture salmon for  tagging. The purse 
seine used was 150 fathoms in length and 10 fathoms deep. In 1983, a t o t a l  of 
36 s e t s  were made between 10 July and 31 July (Appendix A. l ) .  In con t ras t ,  



only 17 s e t s  were made in  1984 between 2 J u l y  and 24 J u l y  (Appendix A.2) 
because poor weather hindered t h e  opera t ion .  

In add i t i on  t o  t h e  o f f sho re  work, an e f f o r t  was made t o  cap tu re  chinook 
salmon near  Anchor Point  i n  1984 ( r e f e r r e d  t o  a s  Anchor P o i n t ) .  The primary 
goal of  t h i s  i n v e s t i g a t i o n ,  a s  prev ious ly  noted,  was t o  a s s e s s  whether 
chinook salmon could be captured i n  t h i s  l o c a l i t y  and tagged with e i t h e r  
r a d i o  o r  son ic  t a g s .  The ex i s t ence  of  an in t ense  chinook salmon s p o r t  f i s h e r y  
in  t h i s  a r ea  made t h i s  a  l og ica l  s i t e .  However, t h e  c h a r a c t e r i s t i c s  of t h e  
a r ea  r equ i r ed  nearshore s e t s  be made. Therefore,  a  6.7 - m s e i n e  j i t n e y  was 
cha r t e r ed  and a  shal low water purse s e i n e  deployed. Between 7 J u l y  and 17 
J u l y  a  t o t a l  of 20 ind iv idua l  s e t s  were made. 

Hand1 i  ng s t r e s s  was a  major concern in  a1 1 tagging ope ra t ions ,  and c a r e  was 
taken t o  minimize t h i s  impact on salmon. Salmon captured  o f f sho re  were 
r e t a i n e d  in  a  l oose ly  held s e i n e  u n t i l  t ime of  tagging a t  which po in t  they  
were i n d i v i d u a l l y  dipped from t h e  s e i n e  with a  f i n e  mesh kno t l e s s  longhandled 
d ipne t .  A foam l i n e d  tagging  c r a d l e  was used t o  r e s t r a i n  t h e  f i s h .  Each f i s h  
was tagged with an ind iv idua l ly  numbered Floy spaghe t t i  t a g  i n s e r t e d  through 
t h e  c a r t i l a g e  immediately vent ra l  and p o s t e r i o r  t o  t h e  dorsa l  f i n  (secured 
with an overhand knot) .  The f i s h  was then re turned  t o  sea  v i a  a  water  s l i d e  
c o n s i s t i n g  of  a  20.3-cm diameter PVC p ipe  and water pump. A t  Anchor Poin t ,  
f i s h  were r e l ea sed  d i r e c t l y  t o  t h e  water from t h e  s e i n e  v i a  hand. Chinook 
salmon were never removed from t h e  water  f o r  tagging .  

In add i t i on  t o  t h e  spaghe t t i  t a g s ,  t h r e e  chinook salmon captured a t  Anchor 
Point were a l s o  tagged with a  r ad io  t r a n s m i t t e r .  The o r i g i n a l  i n t e n t  of  t h i s  
p r o j e c t  was t o  a s s e s s  t h e  f e a s i b i l i t y  of chinook salmon cap tu re .  A concurrent  
r a d i o  tagging  p r o j e c t  was tak ing  p l ace  i n  t h e  Kenai River (Hammarstrom e t  a l .  
1985),  and t h r e e  r a d i o  t a g s  were made a v a i l a b l e  from t h i s  p r o j e c t .  While 
r ad io  t a g s  cannot be t racked  i n  s a l t w a t e r ,  t h e  monitoring program in  
f reshwater  would provide some ind ica t ion  of  i n i t i a l  e n t r y  and more 
impor tan t ly  t h e  tagging crews could a s s e s s  tagging  procedures f o r  f u t u r e  
i n v e s t i g a t i o n s .  The procedure f o r  tagging  cons i s t ed  of  p lac ing  t h e  f i s h  in  a  
holding tank  and adding t r i c a n e  methanesulfonate (MS 222) u n t i l  t h e  f i s h  
could no longer  maintain v e r t i c a l  s t a b i l i t y .  A t  t h i s  po in t ,  t h e  f i s h  was held 
ven t r a l  s i d e  up and i t s  lower jaw held open. A g lyce r in  coated r ad io  
t r a n s m i t t e r  was i n s e r t e d  through t h e  esophagus i n t o  t h e  a n t e r i o r  por t ion  of 
t h e  stomach using a  v e t e r i n a r i a n  b a l l i n g  gun. The t r a n s m i t t e r  antenna was 
a t tached  and t h e  f i s h  allowed t o  recover  p r i o r  t o  r e l e a s e .  Radio te lemet ry  
equipment and methods wi th in  t h e  Kenai River a r e  f u l l y  d iscussed  by 
Hammarstrom (1985). 

Recapture of tagged f i s h  was predica ted  on t h e  assumption t h e  commercial and 
s p o r t  f i s h e r i e s  i n  t h e  I n l e t  would be t h e  primary recovery mechanisms. 
Therefore,  an ex tens ive  pub l i c  awareness program was i n i t i a t e d  t o  i nc rease  
t h e  p o t e n t i a l  f o r  a  s i g n i f i c a n t  r e t u r n  r a t e .  Pos t e r s  and handouts de f in ing  
t h e  program were d i s t r i b u t e d  t o  a l l  t h e  major salmon processors  in  Cook 
I n l e t .  In add i t i on ,  a  f u l l  page d e s c r i p t i o n  of  t h e  program, a  t a g  recovery 
form and informational  a r t i c l e s  were included in  t h e  publ i c a t i o n  "Smol t s "  . 
This  news1 e t t e r  i s  publ ished and mailed by Cook In1 e t  Aquaculture Associat ion 
t o  a l l  salmon f i s h i n g  permit ho lders  i n  Cook I n l e t  and o t h e r  i n t e r e s t e d  
p a r t i e s  ( c i r c u l a t i o n  of 4,000 i n  May and J u l y  1983 was expanded t o  101,000 in  
October 1983).  In add i t i on  t o  t h e s e  w r i t t e n  n o t i c e s ,  a  number of verbal 



presen ta t ions  on t h e  importance of r e tu rn ing  t a g s  were made a t  var ious  
meetings of f ishermen's  groups. F ina l ly ,  a s  a f u r t h e r  i ncen t ive ,  e i g h t  annual 
awards were made by means of a drawing from a l l  t a g s  r e tu rned .  The awards 
cons i s t ed  of  one t a g  a t  $1,000.00, two t a g s  a t  $500.00 each, and f i v e  t a g s  a t  
$100.00 each.  E l i g i b i l i t y  f o r  t h e  drawing requi red  t h e  spaghe t t i  t a g  be 
re turned  t o  ADF&G. This  requirement was necessary t o  avoid f a l s e  r epo r t ing  of 
d a t a  o r  numbers. 

In add i t i on  t o  t h e  f i s h e r i e s ,  t a g  r ecove r i e s  were made a t  ADF&G stream 
escapement eva lua t ion  programs. These programs cons i s t ed  of  wei rs  on 
t r i b u t a r y  s t reams i n  t h e  Kasi lof  River system, var ious  salmon enumeration 
s i t e s  i n  t h e  Sus i tna  River,  a weir  on Fish Creek, and wei rs  a t  Hidden Creek, 
Q u a r t z  Creek, and Russian River wi th in  t h e  Kenai River dra inage .  

In an e f f o r t  t o  a s s e s s  t h e  impact of handling on tagged f i s h ,  a condi t ion  
f a c t o r  was assigned t o  approximately every e ighth  f i s h  tagged. This  f a c t o r  
was s u b j e c t i v e ,  a s  t h e  profess iona l  b i o l o g i s t  on board t h e  tagging  vessel  was 
requi red  t o  make a v isua l  determinat ion of  condi t ion .  The f a c t o r s  cons i s t ed  
of a numerical r a t i n g  of one t o  f o u r ,  with one being a f i s h  i n  poor 
cond i t i on .  This  was def ined  a s  a f i s h  e x h i b i t i n g  obvious s t r e s s  because of 
long holding t ime p r i o r  t o  tagging ,  minor ex terna l  i n j u r y  in  t h e  n e t ,  f a t i g u e  
upon r e l e a s e ,  e t c .  In c o n t r a s t ,  a numerical r a t i n g  of fou r  was assigned t o  a 
f i s h  showing no obvious s t r e s s  o r  i n j u r y ,  a c t i v e  upon r e l e a s e ,  and tagged 
r e l a t i v e l y  quick ly .  Fish in  extremely poor condi t ion  were not  tagged. A 
ch i - squa re  goodness of f i t  t e s t  (Zar 1974) was r u n  t o  compare t h e  recaptured  
f i s h  condi t ion  f a c t o r  frequency d i s t r i b u t i o n  t o  t h e  expected d i s t r i b u t i o n  
from t h e  tagging  opera t ion .  

Data summarization was completed f o r  each spec i e s  by t a l l y i n g  r e t u r n  
information in  a v a r i e t y  of forms. Recovery and tagging  l o c a t i o n s  (def ined  a s  
an ind iv idua l  s e t  of t h e  purse s e ine )  were p l o t t e d  on base maps with days t o  
recovery noted ( a l l  base maps a r e  presented in  Tarbox 1987). Measurements of 
d i s t a n c e  from po in t  of tagging t o  po in t  of recovery were made assuming 
s t r a i g h t  l i n e  t r a v e l ,  thus d i s t a n c e  repor ted  here in  r e p r e s e n t s  a minimum 
value i n  t h e  c a l c u l a t i o n s .  Data were f u r t h e r  summarized by recovery gea r  type  
and, i n  t h e  commercial f i s h e r y ,  t h e  f i s h i n g  d i s t r i c t  where captured.  
Migratory r a t e s  were c a l c u l a t e d  f o r  each t a g  r e tu rned ,  and a mean and 
var iance  c a l c u l a t e d  f o r  r e t u r n s  t o  known l o c a t i o n s .  I t  should be noted on 
occasion t h e  amount of  d a t a  on an individual  t a g  r e t u r n  was incomplete 
r e l a t i v e  t o  gear  type ,  l o c a t i o n ,  o r  cap tu re  d a t e .  In t h e s e  cases  t h e  au thor  
contac ted  t h e  fisherman, i f  poss ib l e ,  t o  c l a r i f y  t h e  d a t a  s e t .  However, t h i s  
was o f t e n  inconclus ive  and t h e r e f o r e  only those  p i eces  of  information known 
t o  be v a l i d  were used i n  t h e  a n a l y s i s .  This  r e s u l t e d  in  d i f f e r e n t i a l  sample 
s i z e s  f o r  t h e  var ious  components of t h e  s tudy.  

In an e f f o r t  t o  a s s e s s  t h e  migratory r a t e  of Cook I n l e t  bound f i s h  from a reas  
o u t s i d e  Cook I n l e t ,  d a t a  on tagged sockeye salmon tagged a t  Kayak I s l and ,  
A1 aska (M. McCurdy, ADF&G, Cordova, personal communication) and Cape Igvak, 
Alaska (ADF&G, undated) and recovered in  Cook I n l e t  were summarized. 
Distance t r a v e l e d  again represented  a minimum value ( s t r a i g h t  l i n e  d i s t a n c e ) .  
Additional information on Cook I n l e t  s tocks  was generated by recomputation of 
Tyl e r  and Noerenberg (undated) d a t a  on migratory r a t e s .  Tyl e r  and Noerenberg 
repor ted  mean days ou t  t o  recovery and mean mi les  t r a v e l e d .  Unfortunately,  
ind iv idua l  r e t u r n s  were not  a v a i l a b l e ;  t h e r e f o r e ,  a s  a rough approximation of 



migratory r a t e ,  a simple division of these two values was made. McCurdy a lso  
provided the  raw tagging data fo r  sockeye salmon recoveries from Prince 
Wi 11 i am Sound commerci a1 f i she r i e s  and various stream systems. While 
individual commercial f i shing locations were not avai lable ,  the  s t a t i s t i c a l  
f i shing area was noted. Therefore, assuming a s t r a igh t  l i n e  distance t o  the 
s t a t i s t i c a l  d i s t r i c t  (minimum value),  migratory r a t e s  of Prince William Sound 
sockeye salmon tagged a t  Kayak Is1 and, A1 aska, were cal cul ated fo r  compari son 
t o  r e s u l t s  of t h i s  investigation.  

RESULTS 

A t o t a l  of 5,800 salmon were tagged during t h i s  investigation with a tag 
return r a t e  of 30.4% (1,764 f i s h ) .  During the  tagging operation, the  
d ivers i ty  of salmon species within individual purse se ine  s e t s  was very 
evident. A t o t a l  of 30.6% of the  s e t s  in 1983 contained four salmon species;  
27.8% contained three  species. In the  offshore tagging of 1984, a t o t a l  of 
71% of the  s e t s  had more than three  species. Nearshore a t  Anchor Point the 
mixed species phenomena was reduced with 45% of the  s e t s  containing two 
salmon species and 40% with three  species. Only one s e t  had four species.  
The mixed stock nature of the  Upper Cook In l e t  salmon f ishery was 
demonstrated on numerous occasions fo r  a l l  species.  For example, on 3 July 
1984 a t o t a l  of 218 sockeye salmon were tagged near the  Central D i s t r i c t  
southern boundary. Recoveries from t h i s  s ingle  s e t  were made in f i v e  major 
r i ve r  systems and d i s t r ibu ted  among 9 t r i bu t a ry  systems. Simi 1 a r  pat terns  of 
mixed sockeye salmon stocks were observed on most s e t s  involving the  tagging 
of s ign i f ican t  numbers of f i sh  (Tarbox 1987 presents raw data f o r  each s e t ) .  

As previously noted, a concern was expressed t ha t  the  tagging procedure would 
r e s u l t  in s ign i f ican t  mortal i ty fo r  a segment of the  tagged population and, 
therefore ,  compromise the  analysis  of the  data .  However, comparison of the 
frequency of tag re turns  t o  expected returns from the  tagging procedure 
indicated the  null hypothesis of no difference be accepted (p .05, Appendix 
A.3). 

Sockeye Sa 7mon 

A t o t a l  of 836, 2,394, and 968 sockeye salmon were tagged offshore in 1983 
and 1984 and a t  Anchor Point in 1984, respectively.  Total tag  return r a t e s  
were 41.6%, 24.8%, and 58.6% fo r  these same areas ,  respectively (Appendix 
A.4, A.5,and A.6). 

Recovery of sockeye salmon tagged offshore was primari l y  from the  Central 
D i s t r i c t  d r i f t  g i l l  net f l e e t  and s e t  g i l l  nets .  In 1983 the  commercial 
f i shery recovered approximately 38.8% of the  f i  sh tagged, with the  Central 
D i s t r i c t  d r i f t  g i l l  net f l e e t  and s e t  g i l l  nets  contributing 150 and 166 
tagged f i s h ,  respectively.  Only s i x  tagged f i sh  were recovered by Northern 
D i s t r i c t  s e t  g i l l  nets  (Appendix A.7). Stream recoveries were few with only 
19 tagged f i s h  returned from the  various recovery programs. The Kenai and 
Kasilof River systems were the predominate contributors with 11 and f i ve  
recoveries,  respectively (Appendix A.8). 



I n  1984 a  lower recovery r a t e  and a  change i n  the  d i s t r i b u t i o n  o f  recover ies  
was ev ident  f o r  t h e  o f f sho re  tagging operat ion.  The commercial f i s h e r y  
recovered approximately 19% o f  t h e  a v a i l a b l e  tagged f i s h .  The Centra l  
D i s t r i c t  d r i f t  g i l l  n e t  f l e e t  captured 169 f i s h  w h i l e  t h e  combined s e t  g i l l  
n e t  recover ies  t o t a l e d  272. I n  con t ras t  t o  1983, Northern D i s t r i c t  s e t  g i l l  
n e t  recover ies  were 30.1% o f  t he  s e t  g i l l  ne t  t o t a l  (Appendix A.9). Stream 
recover ies  were a l so  h igher  i n  1984 w i t h  131 f i s h  repo r ted  from a  v a r i e t y  o f  
streams. The Kenai R iver  (29), K a s i l o f  R iver  (24), F i sh  Creek (47), and 
Susi tna R iver  (21) were the  major sources o f  t he  recover ies  (Appendix A.8). 

The frequency o f  d i f f e r e n t  stocks i n  t h e  i n d i v i d u a l  purse seine sets, 
determi ned from t h e  stream recovery data, reveal  ed an i n t e r e s t  i ng phenomenon 
i n  1984. Russian R iver  bound sockeye salmon were present  i n  47% o f  t he  sets, 
Kas i l o f  R iver  and F ish  Creek f i s h  were captured i n  50% o f  t he  se ts  (Appendix 
A.8). Examination o f  subpopul a t i ons  from Kasi 1  o f  River/Tustumena Lake 
t r i b u t a r i e s  i n d i c a t e d  Bear Creek f i s h  were captured on l y  i n  e a r l y  J u l y  (2-6) ,  
w h i l e  G lac ie r  F l a t  Creek f i s h  were captured u n t i l  14 J u l y  (Appendix A.8). 
F i sh  bound f o r  t h e  Russian R iver  and Quar tz  Creek, w i t h i n  t h e  Kenai R iver  
system, were present  throughout t he  tagg ing  per iod.  F i  sh Creek sockeye salmon 
were a l so  captured i n  sets through t h e  end o f  t he  tagging per iod .  
I n  con t ras t  t o  t he  o f f sho re  tagging r e s u l t s ,  t he  Anchor Po in t  program had a  
unique t a g  recovery pa t te rn .  O f  t he  968 sockeye salmon tagged, 42.5% were 
recovered i n  t he  Lower Cook I n l e t  commercial purse seine f i s h e r y .  Only 14 
recover ies  were made by the  Central  D i s t r i c t  d r i f t  g i l l  n e t  f i s h e r y ,  and 110 
recover ies  were repo r ted  from t h e  s e t  g i l l  ne t  f i s h e r i e s  o f  t h e  Upper I n l e t  
(104 i n  t h e  Centra l  D i s t r i c t ,  s i x  i n  t he  Northern D i s t r i c t ;  Appendix A.lO). 
Stream recover ies  t o t a l e d  23 and came p r i m a r i l y  from the  K a s i l o f  R iver  system 
(13) .  Kenai R iver  (4),  Susi t na  R iver  (3) ,  F ish Creek (2) and Wolverine Creek 
(1) comprised the  remainder of t he  stream recover ies .  W i th in  t h e  K a s i l o f  
River,  t he  m a j o r i t y  o f  t he  recover ies  came from G lac ie r  F l a t  Creek. 

Migra tory  r a t e s  o f  sockeye salmon were re1  a t i v e l y  constant  t o  speci f i c  
l o c a t i o n s  du r ing  the  study per iod.  I n  both the  1983 and 1984 o f f sho re  tagging 
studies,  sockeye salmon recaptured on Sal amatof, Kal i fonsky, Cohoe, and 
N i n i l c h i k  Beaches averaged between 13.4 and 17.3 km/day (Tables 1  and 2 ) .  
M igra tory  r a t e s  ca l cu la ted  from stream recover ies  a t  we i rs  on the  Russian 
R iver  and Quar t z  Creek, t r i b u t a r i e s  o f  t he  Kenai R iver  drainage, ranged from 
7.2 t o  8.6 km/day. A  s i m i l a r  p a t t e r n  was observed f o r  f i s h  captured a t  F ish  
Creek w i t h  an average r a t e  o f  8.9 and 11.3 km/day f o r  1983 and 1984, 
respec t i ve l y .  I n  con t ras t ,  t he  h ighest  average r a t e s  were recorded f o r  f i s h  
recaptured i n  t h e  Northern D i s t r i c t  (exc lud ing  F ish  Creek). Average r a t e s  
ranged between 18.9 and 23.2 km/day f o r  f i s h  captured i n  t h e  commercial 
f i shery ,  w h i l e  f i s h  captured i n  t he  Susi tna River,  a t  Sunshine S ta t i on ,  
t r a v e l e d  a t  an average o f  20.6 km/day. It should be noted t h e  m a j o r i t y  o f  
f i s h  recaptured i n  t he  Northern D i s t r i c t  were tagged on a  s i n g l e  day (14 J u l y  
1984) near t h e  eastern p o r t i o n  o f  t h e  Centra l  D i s t r i c t  (Appendix A . l l ) .  

M igra tory  r a t e s  o f  f i s h  recaptured i n  Lower Cook I n l e t  fo l lowed a  s i m i l a r  
p a t t e r n  t o  f i s h  recaptured on the  eastern s ide  o f  Upper Cook I n l e t .  A  t o t a l  
o f  282 recover ies  from the  China Poot purse seine f i s h e r y  averaged 14.7 
km/day i n  1984. However, recover ies  from o ther  areas o f  Lower Cook I n l e t  had 
ca l cu la ted  migra tory  ra tes  which ranged from 7.1 t o  26.7 km/day (Table 2) 
al though sample s i zes  were l i m i t e d  f o r  these l o c a l i t i e s .  



Recomputation of Tyler  and Noerenberg (undated) d a t a  i nd ica t ed  they  observed 
s i m i l a r  migratory r a t e s  wi th in  Upper Cook I n l e t .  Sockeye salmon tagged by 
purse s e i n e  e a s t  of Chisik I s land  in  1954 migrated a t  a r a t e  of 7.8 t o  12.2 
km/day (Appendix A. 12 ) .  The s lowest  r a t e  (1 e s s  than 1.0 km/day) was recorded 
f o r  f i s h  tagged on Kalgin I s land  from t r a p  ca t ches  and recaptured  in  t h e  
v i c i n i t y  of tagging .  

Whi 1 e ove ra l l  average r a t e s  provided a re1 a t i v e  comparison of migratory 
behavior ,  a n a l y s i s  of d i f f e r e n t  tagging  t ime per iods  i n  1983 and 1984 
revealed a changing p a t t e r n  with t h e  season. Only recaptured  f i s h  from t h e  
s e t  g i l l  n e t  f i s h e r i e s  loca ted  on t h e  western shore of the Kenai Peninsula 
and t h e  d r i f t  g i l l  n e t  f i s h e r y  provided enough samples f o r  a n a l y s i s .  In 1983 
f i s h  tagged between 10 and 15 J u l y  migrated a t  an average r a t e  of 6.9 t o  8.4 
km/day depending on tagging  l o c a t i o n  (Table 3 ) .  In c o n t r a s t ,  f i s h  tagged 
between 16 and 20 J u l y  migrated a t  an average r a t e  of  18.5 t o  21.4 km/day. A 
decrease  i n  average r a t e  t o  9.7 t o  13.1 km/day was then measured f o r  t h e  
period a f t e r  20 J u l y .  A s i m i l a r  a n a l y s i s  i n  1984 revea led  t h a t  f i s h  tagged 
between 3 and 8 J u l y  migrated a t  12.6 t o  17.1 km/day t o  t h e  s e t  g i l l  ne t  
f i s h e r i e s .  Between 12 and 15 J u l y ,  a decrease  in  r a t e  was noted with f i s h  
moving a t  an average r a t e  of  8.4 t o  13.4 km/day (Table 4 ) ;  l a c k  of r ecove r i e s  
because of a commercial f i s h e r y  c losu re  a f t e r  15 J u l y  precluded assessment of 
migrat ion r a t e s  dur ing  t h i s  per iod.  Recaptures from t h e  d r i f t  g i l l  n e t  f l e e t  
d id  not  fo l low t h e  p a t t e r n  noted f o r  t h e  s e t  g i l l  n e t  r ecap tu re s .  Ins tead ,  
during t h e  period of  12 t o  15 J u l y  t h e  r a t e  of migrat ion increased  t o  16.1 
km/day (Tabl e 4 ) .  

Analysis  of  t a g  recovery d a t a  f o r  Cook I n l e t  sockeye salmon s tocks  tagged 
o u t s i d e  of Cook I n l e t  and recovered wi th in  t h e  I n l e t  i nd ica t ed  a much f a s t e r  
migratory r a t e .  For example, f i s h  tagged a t  Cape Igvak, Alaska migrated a t  an 
average r a t e  of 38.1 km/day (Table 5 ) .  Sockeye salmon tagged a t  Kayak I s l and ,  
Alaska in  1985 re turned  t o  Cook I n l e t  a t  an average r a t e  of 41.8 km/day 
(Tabl e 6) . 
In c o n t r a s t  t o  Cook I n l e t ,  sockeye salmon tagged a t  Kayak Is land  and 
recovered wi th in  Prince William Sound a l s o  appeared t o  t r a v e l  a t  a higher  , 

average r a t e .  Recoveries from a weir  on t h e  Coghill River ( a  known l o c a t i o n )  
averaged 27.2 km/day (Appendix A.13). Recaptured f i s h  from t h e  commercial 
f i s h e r i e s  of Prince William Sound va r i ed  in  t h e  ca l cu la t ed  average r a t e  of 
between 26.5 t o  59.4 km/day depending on f i s h i n g  d i s t r i c t  (Table 6 ) .  

Chum Sa7mon 

A t o t a l  of 200 and 651 chum salmon were tagged o f f sho re  in  1983 and 1984, 
r e s p e c t i v e l y  (Appendix A.4, A.5). No chum salmon were captured a t  t h e  Anchor 
Point  tagging  s i t e .  In a d d i t i o n ,  227 chum salmon were tagged i n  Chin i tna  Bay, 
Alaska on 21 J u l y  1983. The major i ty  (91%) of chum salmon tagged in  1984 were 
tagged on 12 J u l y  (Appendix A.5). 

The d r i f t  g i l l  n e t  f l e e t  repor ted  t h e  r ecap tu re  of 48.5% of t h e  f i s h  tagged 
in  1983 (excluding Chini tna Bay, Appendix A.7). In c o n t r a s t ,  only 1.2% were 
recaptured  by t h e  d r i f t  g i l l  n e t  f l e e t  i n  1984 (Appendix A.9). The s e t  g i l l  
ne t  f i s h e r i e s  repor ted  r ecap tu re s  of only 4.0% and 0.5% in  1983 and 1984, 



r e s p e c t i v e l y .  Stream recove r i e s  were e s s e n t i a l l y  non-exis ten t  ( t o t a l  two) in  
1983 inc reas ing  t o  5.2% of tagged f i s h  in  1984. Ninety-four  percent  of t h e  
stream recove r i e s  came from t h e  Susi t n a  River dra inage .  

The tagging of 227 chum salmon in Chini tna Bay r e s u l t e d  in  t h e  recovery of 
only 14 f i s h .  Tag r ecove r i e s  were s p l i t  between t h e  Chini tna Bay s e t  and 
d r i f t  g i l l  n e t  f i s h e r i e s  and t h e  s e t  ne t  f i s h e r i e s  of Tuxedni Bay/Chisik 
I s land .  

The migratory r a t e  of chum salmon tagged in Upper Cook I n l e t  was d i f f i c u l t  t o  
a s s e s s .  Unlike sockeye salmon, where the r ecap tu re s  were predominantly nor th  
of t h e  tagging l o c a t i o n  o r  from a f ixed  geographic l o c a t i o n ,  t h e  r ecap tu re  of 
chum salmon were from t h e  open waters  of Cook I n l e t .  In add i t i on ,  t h e  
d i r e c t i o n  of migrat ion was not n e c e s s a r i l y  toward a  n o r t h e r l y  l o c a t i o n  a t  
t ime of  r ecap tu re  ( i  . e . ,  r e t rog rade  migra t ion) .  For example, i n  1984, 58.5% 
of t h e  r ecap tu re s  were made south of t h e  tagging  l o c a t i o n .  C h u m  salmon 
migrated wi th in  t h e  f i s h i n g  d i s t r i c t s  a t  an average r a t e  of 13.5 km/day in 
1983 and 18.6 km/day in 1984 (Table 7 ) .  These r a t e s  were c a l c u l a t e d  
independent of d i r e c t i o n  t r ave l ed .  Analysis  of Tyler  and Noerenberg (undated) 
d a t a  c o l l e c t e d  in  1958 r e s u l t e d  in  s i m i l a r  r a t e s  of migrat ion f o r  
predominantly nor thern  r ecap tu re s .  A t o t a l  of 251 chum salmon were tagged on 
3 and 4 J u l y  1958 i n  t h e  mid- In le t  a r ea  o f f  Anchor Point  with over 80% of t h e  
60 r ecove r i e s  made nor th  of  t h e  tagging l o c a t i o n .  Migratory r a t e s  of chum 
salmon c a l c u l a t e d  from these  d a t a  averaged 9.2 t o  10.7 km/day (Appendix 
A.  1 4 ) .  

Ca lcu la t ions  of migratory r a t e s  t o  s p e c i f i c  stream l o c a t i o n s  were 1 imi t ed  
because of sample s i z e .  However, 15 f i s h  recovered from Sunshine S t a t i o n  in  
t h e  S u s i t n a  River dra inage  i n  1984 averaged 15.4 km/day. 

Coho Sa7mon 

Only 252 coho salmon were tagged during t h e  2 yea r s  of i n v e s t i g a t i o n  (112, 
136, and fou r  i n  1983 and 1984 o f f sho re  and Anchor Poin t ,  r e s p e c t i v e l y ) .  Tag 
r ecove r i e s  ranged from 17.6% f o r  t h e  1984 o f f sho re  program (Appendix A.5) t o  
25% f o r  t h e  o t h e r  two tagging opera t ions  (Appendix A.4 and A.6). 

The d i f f e r e n t i a l  t a g  recovery r a t e  by t h e  commercial f i s h e r y  between 1983 and 
1984 o f f sho re  program f o r  sockeye salmon and chum salmon was a l s o  ev ident  f o r  
coho salmon. In 1983 t h e  t o t a l  commercial t a g  r e t u r n  amounted t o  21.4% with 
t h e  d r i f t  g i l l  n e t  f l e e t  r epo r t ing  13.3% and t h e  s e t  g i l l  n e t  f i s h e r y  t h e  
remainder (Northern D i s t r i c t  had 25% of t h e  s e t  g i l l  ne t  r ecove r i e s ,  Central  
D i s t r i c t  75%, Appendix A.7). In 1984 the commerci a1 t a g  r e t u r n  decreased t o  
13.2% with t h e  r e l a t i v e  percent  con t r ibu t ion  t o  t h i s  f i g u r e  by t h e  d r i f t  g i l l  
ne t  f l e e t  reduced t o  5.9%. The d i s t r i b u t i o n  of t h e  s e t  g i l l  n e t  r e t u r n s  a l s o  
changed r e l a t i v e  t o  1983 with t h e  Northern D i s t r i c t  con t r ibu t ion  being 75% of 
t h e  t o t a l  s e t  g i l l  n e t  r e t u r n s .  

The Anchor Point  tagging program tagged only fou r  coho salmon, and t h e  s i n g l e  
recovery was repor ted  from t h e  Lower Cook I n l e t  s e t  g i l l  n e t  f i s h e r y .  



Combining a l l  recover ies  from the  commercial f i s h e r i e s  r e s u l t e d  i n  an average 
m ig ra to ry  r a t e  o f  9.1 and 15.8 km/day f o r  1983 and 1984 offshore, 
r e s p e c t i v e l y  (Table 7).  S i m i l a r  t o  chum salmon, 50% o f  t he  1983 recover ies  
were from south o f  t h e  tagging l o c a t i o n .  I n  1984, however, 75% of t he  
recover ies  were from n o r t h  o f  t he  tagging s i t e .  Again, these r a t e s  are 
comparable t o  those ca l cu la ted  from data  c o l l e c t e d  i n  1958 by T y l e r  and 
Noerenberg (undated). For f i s h  tagged from purse seine catches o f f sho re  o f  
Anchor Po in t  i n  1958, an average r a t e  o f  8.6 t o  9.3 km/day was ca l cu la ted  
(Appendix A.15). F i sh  tagged o f f sho re  o f  Cape K a s i l o f  had an average r a t e  of 
7.0 t o  8.4 km/day w h i l e  f i s h  re leased from Ka lg in  I s l a n d  t r a p  catches va r ied  
from t l  km/day t o  48.3 km/day (a s i n g l e  f i s h ;  Appendix A.15). 

Pink  Salmon 

A t o t a l  o f  58, 110, and 78 p i n k  salmon were tagged du r ing  t h e  1983, 1984 
o f f sho re  and 1984 Anchor Po in t  operat ions, r e s p e c t i v e l y  (Appendix A.4, A. 5 
and A. 6) .  Tag recapture  percentages were 1  ow ranging from 5.2% t o  16.7% f o r  
both commerci a1 and stream recover ies  combined. 

The l a c k  o f  recover ies  by t h e  commercial f i s h e r y  makes any d iscuss ion  o f  gear 
types and l o c a t i o n s  e s s e n t i a l l y  meaningless. However, t he  one f a c e t  o f  the  
recover ies  which i s  cons is ten t  w i t h  prev ious r e s u l t s  i s  t h e  predominance o f  
recover ies  i n  Lower Cook I n l e t  f o r  f i s h  tagged a t  Anchor Po in t .  O f  the  12 
commercial f i s h e r y  recover ies,  n ine  were from the  purse seine f i s h e r y  o f  the  
Lower I n l e t  (Appendix A. 10) w i t h  the  m a j o r i t y  from Tutka Bay. 

Pink salmon average migra tory  r a t e s  appeared t o  be much h igher  a t  31 t o  43.2 
km/day than f o r  o the r  species (Table 7). Stream recover ies  a l so  i nd i ca ted  a  
f a s t e r  r a t e  w i t h  two f i s h  averaging 23.2 km/day t o  Sunshine S t a t i o n  on the  
Susi tna River ,  and a  s i n g l e  f i s h  averaged 24.7 km/day t o  the  Russian River  
and 34.2 km/day t o  Beaver Creek i n  t he  Kenai R iver  system. However, sample 
s izes  are r e l a t i v e l y  small and the  data should be viewed accord ing ly .  

Ty le r  and Noerenberg (undated) r e s u l t s ,  from purse seine tagg ing  a t  Anchor 
Point ,  suggested m ig ra to ry  r a t e s  more cons i s ten t  w i t h  o ther  species a t  5.9 t o  
9.0 km/day (Appendix A.16). However, a  s i n g l e  f i s h  tagged a t  t h e  Ka lg in  
I s l a n d  t r a p  on 23 J u l y  1958 t rave led  a t  an average r a t e  o f  48.3 km/day. 

Chinook Salmon 

Twenty-six chinook salmon were tagged a t  Anchor Po in t  between 7 and 17 J u l y  
1984 (Appendix A.6). S ix teen o f  these f i s h  were tagged on 15 Ju l y .  S i x  tags 
were recovered w i t h  f i v e  o f  these from t h e  Kenai R iver  and the  remaining f i s h  
was taken i n  t he  se t  g i l l  n e t  f i s h e r y  (Appendix A.lO). 

The m ig ra to ry  r a t e  o f  chinook salmon t o  t h e  Kenai R iver  was h i g h l y  v a r i a b l e  
w i t h  one f i s h  m ig ra t i ng  from the  tagging s i t e  t o  the  lower r i v e r  i n  4  days 
(23.4 km/day) and a  second f i s h  ( r a d i o  tagged) n o t  en te r i ng  t h e  r i v e r  u n t i l  
34 days 1  a t e r  (2.3 km/day) . Two f i s h  averaged 5.7 km/day and a  s i n g l e  f i s h  
moved a t  13.3 km/day (Table 8 ) .  A  r a d i o  tagged f i s h  migrated a t  5.6 km/day t o  



r iver-kilometer 0.0 of the  Kenai River and a t  a r a t e  of 5.7 km/day between 
the  mouth of the  r i v e r  and river-kilometer 119.2. 

DISCUSSION 

Migratory Pattern 

I t  i s  hypothesized adult  salmon migrating t o  t h e i r  stream of or igin  from high 
seas rearing areas use a var ie ty  of techniques or  cues t o  a r r i ve  on the 
spawning grounds. These may include so la r  or ienta t ion,  lunar o r ien ta t ion ,  
magnetic f i e l d s ,  currents ,  01 factory responses, vi sual cues, e t c .  (McKeown, 
1984). The r e l a t i v e  importance of one s e t  of cues over another i s  strongly 
debated. However, i t  i s  generally recognized salmon respond t o  the 
d i s t i nc t i ve  odors of t h e i r  home streams (home stream cues) in coastal areas 
(a  complete discussion of the his tory  of o l factory imprinting and homing in 
salmon i s  presented by Hasler and Scholz 1983). In t h i s  context ,  a brief  
overview of Cook In l e t  freshwater sources and c i rcu la t ion  pat terns  i s  
warranted p r io r  t o  a discussion of salmon migratory pathways. 

The major freshwater sources in to  Upper Cook In l e t  include the  Susitna River, 
Kenai River, and Kasilof River. These r i ve r s ,  as previously noted, a re  a lso  
the  major salmon producing systems of the  Upper In l e t .  The c i rcu la t ion  
pat terns  within Cook In l e t  are  highly complex and are  a function of t i d e s ,  
freshwater input,  and surface winds. The t i d e s  within Cook In l e t  are 
semi-diurnal with a mean t i da l  range of 4 . 2  m a t  the  mouth of the  In l e t  t o  
9.0 m a t  the  c i t y  of Anchorage (Rosenberg e t  a l .  1967). The impact of 
co r io l i s  e f f ec t  i s  evident in the  overall c i rcula t ion pat tern  of the  In l e t  
with oceanic waters entering the  In l e t  on the ea s t  s ide  and tu rb id ,  fresh 
water ex i t ing  the  In le t  on the  western s ide .  However, a complex surface 
pattern consist ing of gyres, shear zones, and mixing areas typ i fy  Upper Cook 
In l e t ;  Figure 5 (ADF&G 1978) presents a summer c i rcu la t ion  pat tern .  According 
t o  ADF&G (1978), seawater from the  Alaska Current enters  Cook In l e t  through 
Kennedy Entrance. An eastern counterclockwise gyre i s  present in Kachemak Bay 
in addition t o  a northward surface current  along the  western shore of the  
Kenai Peninsula which moves surface waters toward Anchor Point. A t  Anchor 
Point, the  northward movement of seawater i s  a l tered t o  a strong westerly 
di rect ion and a counterclockwise gyre i s  evident in the  centra l  lower i n l e t .  
However, seawater a lso  continues north and northwest of Anchor Point where i t  
mixes with the  southerly flow of turbid ,  low s a l i n i t y  water from the  Upper 
In l e t .  Mixed water i s  carr ied westward from t h i s  area. A southward flow of 
low s a l i n i t y  water ( i . . ,  r i ve r  influence) i s  evident in  an area of 
convergence of the  westward intruding seawater t o  produce what i s  known as 
the  mid-channel r i p  (Figure 5 ) .  Additional f ronta l  zones a re  present both 
ea s t  and west of the  mid-channel r i p  and are known loca l ly  as the  ea s t  and 
west r i p ,  respectively.  Convergence along the  mid-channel r i p  i s  s ign i f ican t  
in the  area between Anchor Point and Kasilof. As surface waters e x i t  the 
In l e t  they a re  diverted t o  the  west of the  mid-channel r i p  and eventually 
enter  Shelikof S t r a i t .  Burbank (1977) presents fu r ther  explanations of 
c i rcu la t ion  pat terns  in Cook In l e t .  



Evidence from a v a r i e t y  of programs conducted i n  Cook I n l e t  suggest  home 
stream cues may play a primary r o l e  i n  t h e  migratory behavior of r e tu rn ing  
a d u l t  salmon. Waltemyer (1983, 1987) has presented t h e  r e s u l t s  of t e s t  
f i s h i n g  and noted over  70% of  t h e  t e s t  f i s h i n g  ca tch  has occurred in  t h e  a r ea  
of t h e  mid- In le t .  Observations on t h e  l o c a t i o n  of t h e  d r i f t  g i l l  ne t  f l e e t  
during commercial f i s h i n g  periods (P. Ruesch, ADF&G, Soldotna,  personal 
communication) tends  t o  v e r i f y  t h e  importance of t h e  mid-channel r i p  a s  a 
major concen t r a to r  of  salmon. During some f i s h i n g  per iods ,  t h e  ma jo r i t y  of 
t h e  600 d r i f t  g i l l  n e t  v e s s e l s  have been observed within 1 km of  t h i s  a r ea .  
D r i f t  g i l l  n e t  f l e e t  t a g  r ecove r i e s  repor ted  dur ing  t h i s  i n v e s t i g a t i o n  a l s o  
tended t o  be concent ra ted  i n  t h e  a r ea  of t h e  mid-channel with few recove r i e s  
from t h e  e a s t e r n  por t ion  of t h e  I n l e t .  Thus i t  appears  salmon e n t e r i n g  Upper 
Cook I n l e t  do so  where low s a l i n i t y  water  i s  most i n t e n s e  and cont inue  t h e i r  
migrat ion i n t o  t h e  Upper I n l e t  along t h i s  g rad ien t  of f reshwater  
i n f luence .  

This  e n t r y  p a t t e r n  of salmon i s  c o n s i s t e n t  with f reshwater  o r i e n t a t i o n  
responses observed in  o t h e r  s t u d i e s .  For example, Scholz e t  a1 . (1972), 
repor ted  in  Hasler  and Scholz (1983), observed sonic- tagged chum salmon, i n  a 
7 .0 km s a l t w a t e r  bay in  northern Honshu, Japan, swam i n t o  t h e  bay only during 
ebb t i d e s .  When r i v e r  water  from t h e  head of t h e  bay flowed along t h e  south 
shore they  swam i n t o  t h e  bay v i a  t h a t  rou te .  When r i v e r  water  moved out  along 
t h e  nor th  shore ,  chum salmon entered  along t h e  nor th  shore.  Fish were loca t ed  
wi th in  3 m of t h e  s u r f a c e  where t h e  inf luence  of t h e  f r e s h  r i v e r  water  was 
t h e  g r e a t e s t .  

Fur ther  evidence of  a home stream response was suggested i n  t h i s  
i n v e s t i g a t i o n  from t h e  t a g  r ecove r i e s  from China Poot Bay i n  Lower Cook 
I n l e t .  As previous ly  noted, approximately 42% of  t h e  sockeye salmon tagged in 
t h e  nearshore a r e a  ad jacent  t o  Anchor Point  migrated approximately 30 km 
south of t h e  tagging  s i t e  t o  t h e i r  a r ea  of imprint ing.  China Poot bound 
sockeye salmon were a1 so tagged in  t h e  mid-channel r i p  a r ea  on 4, 5, and 16 
J u l y  i n  1984. This  migratory p a t t e r n  i s  c o n s i s t e n t  with t h e  r e s u l t s  repor ted  
by Thompson (1930) who noted t h e  p r inc ipa l  migrat ion of pink salmon t a g  
r ecove r i e s ,  from tagging  a t  Cape S ta r i chkof ,  came from Kachemak Bay. 

Eva1 u a t i  on of t h e  sur face  c u r r e n t  p a t t e r n  by Burbank (1977) suggested 
su r f ace  waters  move nor th  ou t  of Kachemak Bay along Anchor Point  and a r e  then 
d i v e r t e d  westward. Thus, China Poot bound f i s h  responding t o  home stream cues 
should move eastward from t h e  mid-channel r i p  toward Anchor Point  and then 
southward toward China Poot . I n t e r e s t i n g l y ,  no tagged sockeye salmon were 
recovered from China Poot i n  1983 when sockeye salmon were tagged f a r t h e r  
north i n  Upper Cook I n l e t  (run s t r eng th  t o  China Poot was approximately equal 
in  1983 and 1984). In add i t i on ,  i n  1984 t h e  f a r t h e s t  nor th  a tagging  s i t e  
with r ecove r i e s  from China Poot Bay occurred was Nini lchi  k, an a rea  where 
d ive r s ion  of  s u r f a c e  waters  westward and mixing of Upper I n l e t  waters  i s  
s t rong .  

A s i m i l a r  phenomenon of  southward e n t r y  i n t o  t h e  Kenai River system by 
sockeye salmon has been observed by b i o l o g i s t s  s i n c e  t h e  1920's.  Thompson 
(1930) r epo r t ed  t h e  major i ty  of f i s h  tagged a t  Ni kishka Bay were recovered 
south of  t h e  tagging s i t e  and most f i s h  were bound f o r  t h e  Kenai and Kasi lof  
Rivers.  Ruesch (ADF&G, Soldotna,  personal communication) and t h e  au thor  have 
observed l a r g e  numbers of sockeye salmon moving south along Salamatof Beach, 



aga ins t  t he  f l o o d i n g  t i d e ,  t o  en te r  t h e  Kenai R iver .  Again, t he  o v e r a l l  
c i r c u l a t i o n  p a t t e r n  o f  t he  i n l e t  suggests Kenai R iver  water i s  mixed w i t h  
i n l e t  water and moves northward along Salamatof Beach. Rosenberg e t  a1 . 
(1967), i n  a  l i m i t e d  study o f  t i d a l  excurs ion i n  t h e  v i c i n i t y  o f  t he  
Forelands, noted an important  f ea tu re  o f  t h e  cu r ren t  p a t t e r n  was the  
ex is tence o f  a  l a r g e  eddy which develops on the  n o r t h  s ide  o f  t he  East 
Fore1 ands . Burban k  (1974) as d i  scussed by Berk l  and (1976) has i nd i ca ted  
northward moving water from the  i n l e t  i s  d i v e r t e d  s t r o n g l y  westward i n  t he  
area o f  t h e  Forelands because o f  t he  basin geometry o f  t h i s  area. Thus the  
a t t r a c t i o n  water o f  t h e  Kenai R iver  f o l l ows  a  s i m i l a r  p a t t e r n  t o  t h a t  
observed f o r  China Poot Bay water, a  n e t  northward movement w i t h  d i v e r s i o n  t o  
t h e  west and e x i t  v i a  t he  mid-channel r i p .  

I n  summary, i t  i s  probable the  u l t i m a t e  f a c t o r s  which r e l a t e  t o  t h e  migra tory  
pathways used by Cook I n l e t  salmon are i n t i m a t e l y  t i e d  t o  the  phys ica l  and 
chemical parameters o f  t he  water masses o f  t he  I n l e t .  The understanding o f  
t he  observed m ig ra t i on  and e n t r y  p a t t e r n  o f  salmon i n t o  and through the  i n l e t  
w i l l  r e q u i r e  subs tan t i a l  i n v e s t i g a t i o n  i n t o  these areas. While the  o v e r a l l  
c i r c u l a t i o n  p a t t e r n  i s  somewhat def ined, t h e  i n f l uence  o f  va r i ab les  on t h i s  
p a t t e r n  i s  n o t  d e t a i l e d .  For example, the  e f f e c t s  o f  wind on sur face 
c i r c u l a t i o n  has been hypothesized t o  be s i g n i f i c a n t  a t  t imes b u t  a  l a c k  o f  
of fshore wind data  p rec l  udes an assessment o f  these pe r tu rba t i ons  (ADF&G 
1978) . 

Migratory Rate 

Based on t h e  r e s u l t s  o f  tagging data  from w i t h i n  Cook I n l e t  and fo r  Cook 
I n l e t  stocks tagged outs ide  the  i n l e t ,  i t  appears a  decrease i n  t he  r a t e  o r  
delay o f  m i g r a t i o n  occurs w i t h i n  t h e  Centra l  D i s t r i c t .  For example, sockeye 
salmon migrated a t  a  r a t e  two t o  th ree  t imes f a s t e r  from Pr ince  Wi l l i am Sound 
(41.8 km/day) and Cape Igvak (38.1 km/day) t o  Cook I n l e t  than f i s h  moving 
through t h e  I n l e t .  Th is  p a t t e r n  o f  h igher  migra tory  r a t e s  f u r t h e r  from t h e  
coasta l  environment i s  cons i s ten t  w i t h  t h a t  observed f o r  o the r  geographical 
areas. For example, H a r t t  (1966) repor ted  sockeye salmon m i g r a t i n g  t o  the  
coasta l  waters o f  B r i s t o l  Bay from the  h igh  seas averaged approximately 45 
km/day. A  seasonal change i n  r a t e  from t h e  h igh  seas was noted w i t h  f i s h  
tagged l a t e r  i n  t he  season m ig ra t i ng  a t  a  f a s t e r  r a t e  than f i s h  tagged 
e a r l i e r .  French e t  a l .  (1976) repor ted  matur ing sockeye salmon migrated a t  
between 46 and 56 km/day du r ing  t h e i r  l a s t  30 t o  60 days a t  sea. Sockeye 
salmon tagged a t  Kayak I s l a n d  migrated i n t o  Pr ince Wi l l i am Sound f i s h i n g  
d i s t r i c t s  a t  a  minimum average r a t e  o f  between 26 and 50 km/day. Stasko e t  
a l .  (1976) observed u l t r a s o n i c  tagged sockeye salmon swim a t  an average 
ground speed o f  52 km/day i n  t he  coasta l  waters o f  Washington, approximately 
70 km south o f  t h e  Fraser R iver .  T y l e r  and Noerenberg (undated) repo r ted  t h a t  
f o r  sockeye salmon tagged i n  Cook I n l e t  and recovered outs ide  the  I n l e t ,  the  
migra tory  r a t e s  v a r i e d  from 26.6 t o  77 km/day. 

A de lay  i n  m i g r a t i o n  has been observed f o r  var ious  salmon species as they 
approach t h e i r  n a t a l  streams. O'Mall ey and Rich (1918) repo r ted  sockeye 
salmon near the  mouth o f  t he  Fraser R iver  reduced t h e i r  average r a t e  o f  
t r a v e l  p r i o r  t o  e n t r y  i n t o  the  system. Gilhousen (1960), c i t i n g  MacKay e t  a l .  
(1944, 1945), i n d i c a t e d  some sockeye salmon delay o f f  t he  mouth o f  t h e  Fraser 



River between a r r iva l  a t  the  r i ve r  mouth and r i v e r  entry .  Gil housen fur ther  
noted Adams River sockeye salmon were characterized as having a slow 
wandering movement pattern within the  i nfl  uence of Fraser River di scharge. 
The area of wandering was not close t o  the  r i ve r  mouth but offshore in 
deeper, c lea re r  waters. As time of r i v e r  entry approached, f i sh  moved c loser  
t o  the  t i da l  f l a t s  and eventually entered the r i v e r  in a peak. Delays ranged 
from a few days t o  several weeks with a t  l e a s t  one race of sockeye salmon 
showing a delay in some years and not others.  Anderson and Beacham (1983) 
reported on the  migration of chum salmon stocks of the  Johnstone 
S t ra i t -Frase r  River Area. They noted t h a t ,  "...chum salmon entering upper 
Johnstone S t r a i t  show a decrease in t h e i r  r a t e  of travel  from the  Johnstone 
S t r a i t  area t o  t ha t  of the  S t r a i t  of Georgia and a subsequent increase in the  
duration of delay." Seasonal average r a t e s  of t ravel  decreased from 25.6 
km/day in Johnstone S t r a i t  t o  9.6 km/day in the  central  and northern section 
of the  S t r a i t  of Georgia. They fur ther  noted, ". . .delayed migration near or 
within the  marine areas adjacent t o  natal spawning grounds i s  a phenomenon 
common t o  a l l  chum salmon stocks,  including those of Washington S ta te . "  

The mixed stock nature of Upper Cook In l e t  sockeye salmon and other salmon 
species makes any statements about migratory r a t e  di f ferences  by individual 
stock highly speculative.  In 1983 the  apparent increase in sockeye salmon 
migratory r a t e  a f t e r  15 July (Table 3)  may be the  r e s u l t  of stock differences 
as opposed t o  an overall  change in migratory behavior. Cross e t  a l .  (1983), 
using scale  pat tern  analysis ,  al located the  sockeye salmon commercial harvest 
f o r  the  various s e t  g i l l  net f i she r i e s .  They reported fo r  the  f ishing periods 
on stocks tagged pr io r  t o  10 July,  the  commercial harvest was approximately 
38.8%, 54.7%, and 26.9% Kasilof sockeye salmon fo r  Cohoe/Ninilchi k ,  
Kalifonsky, and Salamatof Beach, respectively.  Kenai River bound sockeye 
salmon were approximately 41.1%, 33%, and 73% fo r  the  same beaches, 
respectively.  In contras t ,  during the  commerci a1 periods when f i sh  tagged 
from 16-20 July were in these areas,  the  r e l a t i ve  contribution of Kenai River 
f i s h  increased t o  87%, 74%, and 66% f o r  Cohoe/Ninilchik, Kalifonsky, and 
Sal amatof Beach, respectively.  

Therefore, the  observed pattern may have resul ted from r a t e  differences 
between stocks as  stock composition sh i f t ed  over time, or  have been a r a t e  
change common t o  both stocks. One point of reference i s  t h a t  Salamatof Beach 
stock composition remained predominantly Kenai River sockeye salmon during 
a1 1 three  sampl i ng periods (Tab1 e 3 ) .  

Recoveries of tagged sockeye salmon in the  Northern D i s t r i c t  in 1984 provided 
the  only ins ight  on migratory r a t e s  of stocks moving toward t h i s  area.  An 
absence of recoveries in 1983 precluded any meaningful discussion f o r  t ha t  
period. In 1984, the  majority of sockeye salmon recovered in the  Northern 
D i s t r i c t  were tagged on 14 July.  The Northern D i s t r i c t  s e t  g i l l  net f i shery 
fished f o r  four consecutive days s t a r t i ng  on 16 July (Ruesch 1986), providing 
an excellent  opportunity f o r  recoveries. The majority of the  sockeye salmon 
tag recoveries occurred on 18 July,  four days a f t e r  tagging (Appendix A . l l ) .  
The d i s t r i bu t i on  of tag recoveries r e l a t i ve  t o  days out ,  adjusting fo r  
f ishing time, suggest most f i sh  had l e f t  the  Northern D i s t r i c t  s e t  g i l l  net 
f i shery by the  f i f t h  day. A migratory r a t e  of 23.7 km/day (n=47) was computed 
fo r  f i s h  tagged in t h i s  spec i f i c  s e t .  In comparison, Northern D i s t r i c t  
recoveries,  f o r  sockeye salmon tagged between 2 and 6 July ,  a1 though 1 imited 
in number (n=13), migrated a t  an average r a t e  of 17.5 km/day (excludes one 



f i s h  t h a t  had a  ca l cu la t ed  r a t e  of 88 km/day). Again t h e  mixed s tock  na ture  
of t h e  f i s h e r y  makes individual  r i v e r  system comparisons impossible .  

In summary, Cook I n l e t  sockeye salmon appear t o  reduce t h e i r  migratory r a t e  
a s  they  e n t e r  Upper Cook I n l e t .  The f a c t o r s  r e spons ib l e  f o r  t h i s  behavior a r e  
not  understood and t h e r e f o r e  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  Recovery d a t a  f o r  
chum salmon, pink salmon, and coho salmon a r e  inconclusive r e l a t i v e  t o  t h i s  
t o p i c  a s  t h e  number of  tagged f i s h  recovered was l i m i t e d .  However, t h e  
extended period of chum salmon in  t h e  Central D i s t r i c t  (up t o  8 days) and 
higher  e x p l o i t a t i o n  of t h i s  spec i e s  would tend t o  suggest  t h a t  a  s i m i l a r  
behavior p a t t e r n  may occur.  

Stock Composition 

One of  t h e  major goa l s  of  t h e  tagging program was t o  a s s e s s  i f  ind iv idua l  
purse s e i n e  s e t s  provided any ind ica t ion  of  temporal o r  s p a t i a l  segrega t ion  
of s tocks  in  t h e  I n l e t .  Based on t h e  s e i n e  r e s u l t s ,  i t  i s  c l e a r  ind iv idua l  
sockeye salmon s tocks  a r e  mixed throughout t h e  tagging a r e a s ,  even wi th in  
re1 a t i  ve ly  small a r eas ,  providing 1  i  ttl e  hope of geographic s epa ra t ion  
re1 a t i  ve t o  commerci a1 f i s h e r i e s  management s t r a t e g i e s .  For example, t h e  
ind iv idua l  s e t  on 14 J u l y  1984 (Appendix A . l l )  was composed of sockeye salmon 
bound f o r  a l l  t h r e e  major r i v e r s  p lus  Fish Creek. 

Unlike t h e  r e s u l t s  of  Tyler  and Noerenberg (undated) who observed migrat ion 
of f i s h  tagged in  Cook I n l e t  out  of t h e  a r ea ,  t h i s  i n v e s t i g a t i o n  had no 
repor ted  r ecove r i e s  from o the r  a r eas .  The loca t ion  of tagging  may have had a  
s i g n i f i c a n t  impact on t h e  observed r e s u l t s .  Tyler  and Noerenberg tagged a  
number of f i s h  in  Lower Cook I n l e t  and r e t u r n s  from a  number of  t h e  a r eas  
o u t s i d e  t h e  i n l e t  were from these  tagging  s i t e s .  Tagging i n  1983 and 1984 in  
Upper Cook I n l e t  may have allowed t h e s e  s tocks  t o  s epa ra t e  and, t h e r e f o r e ,  
t h e  i n t e g r i t y  of  Upper Cook In1 e t  s tocks  was more secure .  However, Tyler  and 
Noerenberg d i d  r e p o r t  t h a t  i n  l a t e  June of 1957, 25.7% of t h e  sockeye salmon 
tagged on Chisi  k I s land  were recovered along t h e  Alaska Peninsula  ou t s ide  
Cook I n l e t  a s  f a r  west a s  t h e  Shumagin I s lands .  This was not  ev ident  i n  
tagging from o t h e r  per iods .  

Because of  t h e  r e c e n t  l a r g e  sockeye salmon r e t u r n s  t o  t h e  Kenai and Kasi lof  
Rivers ,  t h e  propor t ion  of  Sus i tna  River and o t h e r  Northern D i s t r i c t  s tocks  in  
t h e  e a s t s i d e  s e t  g i l l  ne t  f i s h e r y  was examined. Fishing time and e f f o r t  
d i r e c t e d  a t  harves t ing  Kenai and Kasi lof  River sockeye salmon s tocks  has 
increased  s i g n i f i c a n t l y  over h i s t o r i c a l  l e v e l s  (P. Ruesch, ADF&G, Soldotna,  
personal communication). Cross e t  a l .  (1986, i n  p re s s )  es t imated ,  using s c a l e  
p a t t e r n  a n a l y s i s ,  t h e  proport ion of Sus i tna  River s tocks  a t  between 5% and 
25%. In an e f f o r t  t o  independently look a t  t h i s  i s s u e ,  t a g  r e t u r n s  from t h e  
1984 Anchor Point  tagging e f f o r t  were examined along with an eva lua t ion  of 
Tyler  and Noerenberg (undated) d a t a .  

A t o t a l  o f  23 sockeye salmon tagged a t  Anchor Point  were recovered from Upper 
Cook I n l e t  s t ream systems. O f  t he se ,  approximately 22% were recovered from 
Northern D i s t r i c t  s t reams.  In eva lua t ing  these  d a t a ,  t h e  r e l a t i v e  e f f o r t  
spent  in  each system f o r  t a g  recovery and t h e  e x p l o i t a t i o n  r a t e  of t h e  
commerci a1 f i s h e r y  on ind iv idua l  s tocks  i s  r e l e v a n t .  Re1 a t i v e  t o  recovery 



e f f o r t ,  t he  number of f i s h  examined in the  Northern D i s t r i c t  f o r  tags  
approximated the  number examined in the  Central D i s t r i c t .  However, the  
exploi ta t ion r a t e  fo r  the  various stocks di f fered.  In 1984 Cross e t  a l .  ( in  
press)  estimated the  exploi ta t ion r a t e  of Kenai, Kasilof, and Susitna Rivers 
ranged from 63% t o  72%. Fish Creek, in contras t ,  was only exploited a t  33%. 
Even with these di f ferences ,  the  estimate of 22% i s  probably a reasonable 
estimate from the  1 imi ted tagging e f f o r t .  

A second source of independent data i s  the  work of Tyler and Noerenberg 
(undated) who tagged sockeye salmon from commercial f i sh  t raps  on a1 1 three 
eas t s ide  beaches. In 1955 approximately 20% of the  commercial g i l l  net 
re turns  f o r  f i s h  tagged on Kalifonsky Beach were recovered in the  Northern 
D i s t r i c t .  Stream recoveries from the  Northern D i s t r i c t  contributed 11% t o  the  
t o t a l  stream returns .  Similar data were generated in 1955 fo r  Salamatof 
Beach. Fish tagged on 24 and 25 July were recovered predominantly in the 
Northern D i s t r i c t  (60%). Forty-six percent of the  stream recoveries came from 
Northern D i s t r i c t  systems with Knik Arm streams contributing 92% of the  
Northern D i s t r i c t  re turns .  In 1958 the  Northern D i s t r i c t  s e t  g i l l  net returns 
were only 6% (tagging period of 2 through 23 Ju ly) .  Approximately 19% of the 
f i sh  tagged on Salamatof Beach were headed fo r  Northern D i s t r i c t  stream 
systems. In contras t  t o  Salamatof and Kalifonsky Beach, no s e t  g i l l  net 
recoveries from the  Northern D i s t r i c t  were recorded fo r  sockeye salmon tagged 
in 1957 a t  three  t r ap  s i t e s  near Clam Gulch. 

From the  above data  i t  appears the  Northern D i s t r i c t  component of the  
eas t s ide  s e t  g i l l  net f i shery i s  highly var iable ,  but not inconsistent  with 
t ha t  estimated from sca le  pattern analysis .  

Recovery Success 

The presence of an extensive sockeye salmon counting system in s e l ec t  r i ve r  
systems in both 1983 and 1984 (weirs) and the  Upper Cook I n l e t  stock 
separation program (Cross e t  a l .  1986, in press)  provided the  opportunity t o  
compare tag capture versus tag return r a t e s  based on a known exploi ta t ion 
r a t e .  In 1983 the  number of sockeye salmon returning t o  Upper Cook In l e t  was 
estimated a t  6,489,000 f i sh  with an overall exploitat ion level of 78% by the  
commercial f i shery (Cross e t  a l .  1986). Total escapement was estimated a t  
1,383,700 f i sh  with approximately 420,000 f i sh  (30%) examined a t  weir and 
fishwheel s i t e s  f o r  tags .  In 1984 the  t o t a l  sockeye salmon return was 3.4 
million f i sh  of which 2.1 million f i sh  (62%) were commercially harvested 
(Cross e t  a l . ,  in p ress ) .  The sockeye salmon escapement in 1984 was estimated 
a t  1,278,000 f i s h ,  of which approximately 39.6% were passed through weirs or  
f i  shwheel s . 
Assuming the  tagging operation was random re l a t i ve  t o  the various stocks and 
tagging mortal i ty was minimal, then the  recovery of tagged sockeye salmon 
from the  commerci a1 f ishery should have approximated the overall  exploi ta t ion 
r a t e s  presented above. Only 38.8% in 1983 and 18.8% in 1984 of t o t a l  f i sh  
tagged were recovered from the commercial f i shery,  instead of 78% and 62%. 
Thus, i t  appears t ha t  in 1983 only one out of every two tagged f i sh  captured 
was returned and only one of three  tagged f i sh  captured was returned in 1984. 



Stream recovery d a t a  suggested an even poorer recovery success  f o r  t h i s  
aspec t  of t h e  program. In 1983 and 1984 t h e  s t ream recove r i e s  were 35 and 
32%, r e s p e c t i v e l y ,  o f  t h e  t o t a l  tagged f i s h  expected t o  e n t e r  monitored 
s t reams ( t h e  expected stream recove r i e s  were determined by s u b t r a c t i n g  t h e  
expected commercial ha rves t  of tagged f i s h  from t h e  t o t a l  f i s h  tagged and 
mul t ip ly ing  by t h e  percent  of escapement monitored).  The reason f o r  t h e  poor 
r e t u r n  i s  unknown, but any of a number of v a r i a b l e s  could l ead  t o  t h i s  
r e s u l t .  Foremost i s  t h e  l a c k  of recovery of tagged f i s h  a s  they  pass  through 
a weir .  While f i e l d  crews were i n s t r u c t e d  t o  look f o r  t a g s ,  t h e  process  of 
passing r e l a t i v e l y  l a r g e  volumes of f i s h  in  s h o r t  per iods  may have 1 imited 
t h e i r  a b i l i t y  t o  i d e n t i f y  and recover  tagged f i s h .  In add i t i on ,  t h e  
assumption re1 a t i v e  t o  e x p l o i t a t i o n  r a t e s  and tagging mortal i  t y  may be 
oversimpl i f i e d .  

Exploitation Rate of Chum Sa7mon 

Resul t s  of t h e  chum salmon tagging e f f o r t  in 1983 suggested t h a t  mid - in l e t  
chum salmon s tocks  were exp lo i t ed  a t  a f a i r l y  high r a t e .  The t a g  r e t u r n  from 
t h e  commercial f i s h e r y  was 52.5% which was t h e  h ighes t  of any salmon spec i e s  
tagged (Appendix A.7). Unlike 1984 when most of  t h e  chum salmon tagged were 
from one s e t ,  i n  1983 chum salmon were tagged in  71% of t h e  mid - in l e t  s e t s .  
This  occurred over  t h e  e n t i r e  season, and t h e  maximum number of f i s h  tagged 
per  s e t  was 24 (Appendix A.4). The r e t u r n  of tagged f i s h  f o r  each day of 
tagging ranged from 0% t o  100% (only one f i s h  tagged on t h e s e  days which 
comprised 3 days t o t a l ) .  The remaining 9 days had t a g  r e t u r n s  ranging from 
21% t o  87.5% with a p a t t e r n  of higher  r e t u r n s  a s  t h e  season progressed.  

Examination of  t h e  d i s t r i b u t i o n  of t h e  t a g  r ecove r i e s  (Tarbox 1987) i nd ica t ed  
tagged chum salmon remained in t h e  Central D i s t r i c t  f o r  up t o  8 days o r  more 
even when tagged a t  t h e  northern boundary of  t h e  Central D i s t r i c t  ( t h e  
Central  D i s t r i c t  d r i f t  g i l l  ne t  f l e e t  was r e spons ib l e  f o r  approximately 94% 
of t h e  chum salmon harves t  i n  1983). Therefore,  a longer  res idence  time in  
t h e  Central  D i s t r i c t  and corresponding increased exposure t o  t h e  d r i f t  g i l l  
n e t  f i s h e r y  could expla in  t h e  higher  t a g  r e t u r n  f o r  chum salmon than f o r  
o the r  spec i e s .  Under-reporting of t a g s  by t h e  commercial f i s h e r y  f o r  chum 
salmon i s  a l s o  probable.  Therefore,  t h e  overa l l  e x p l o i t a t i o n  r a t e  i s  probably 
s i g n i f i c a n n t l y  higher  than t h e  52.5% t a g  r e t u r n  r a t e .  

While t h e  s t r e s s  of  tagging on chum salmon and thereby  increas ing  exposure t o  
t h e  commercial f i s h e r y  by r e t rog rade  migrat ion i s  a poss ib l e  explana t ion  f o r  
t h e  observed r e t u r n  r a t e ,  i t  i s  t h e  au thors '  opinion t h i s  i s  un l ike ly .  
Independent s t u d i e s ,  which est imated t h e  number of chum salmon e n t e r i n g  t h e  
Sus i tna  River by mark/recapture techniques (ADF&G 1984), i nd ica t ed  t h e  
escapement of chum salmon i n t o  t h i s  system was a t  l e a s t  266,000 f i s h .  Ruesch 
(1985) repor ted  t h e  1983 Upper Cook I n l e t  chum salmon ha rves t  was 1,115,000 
f i s h ,  and t h e  Sus i tna  River drainage provided t h e  ma jo r i t y  of chum salmon f o r  
ha rves t .  Ruesch (ADF&G, Soldotna,  personal communication) f u r t h e r  noted t h a t  
escapement e s t ima te s  f o r  minor chum salmon streams were not  a v a i l a b l e  but 
escapement of an add i t i ona l  100,000 f i s h  i n t o  t h e s e  s t reams would not  be an 
unreasonable e s t ima te .  Therefore,  assuming t h e  t o t a l  r e t u r n  of  chum salmon t o  
Upper Cook I n l e t  was 1 . 5  mil l  ion f i s h ,  an e x p l o i t a t i o n  r a t e  of  75% would be 
r e a l  i  zed.  



Since the  Central D i s t r i c t  d r i f t  g i l l  net  f l e e t  i s  the  primary harvester  of 
chum salmon in Upper Cook In l e t ,  a central  question i s  whether the  d r i f t  g i l l  
net  f l e e t  could exploi t  a stock a t  75% under ex i s t ing  management cons t ra in t s .  
The in tensive  sockeye salmon s tudies  conducted in Upper Cook In l e t  provide a 
data base f o r  a l imited comparison. In 1983 Cross e t  a l .  (1986) reported t h a t  
the  d r i f t  g i l l  net  f l e e t  harvested sockeye salmon stocks,  and spec i f i c a l l y  
Susi tna  River stocks,  a t  approximately 50%. This exploi ta t ion r a t e  fo r  
Susitna River sockeye salmon was repeated in 1984 and 1985 (Cross e t  a l .  in 
press) .  Thus, sockeye salmon stocks have not been exploited by the  d r i f t  g i l l  
net  f l e e t  a t  a r a t e  suggested f o r  1983 chum salmon stocks.  However, the 
di f ference between 50 and 75% i s  cer ta in ly  within a range which can be due t o  
species behavioral d i f ferences  in the  Central D i s t r i c t .  

Feasibility of Chinook Salmon Tagging 

The r e s u l t s  of the  Anchor Point e f f o r t  have demonstrated chinook salmon can 
be successfully tagged i n  t h i s  nearshore area.  However, the  number of f i s h  
avai lable  f o r  tagging was highly var iable  and, therefore ,  in some years few 
f i s h  would be captured. In addit ion,  recent  evaluation of harvest data by 
Ruesch (ADF&G, Soldotna, personal communication) and Tarbox e t  a1 . (1987) 
indicated chinook salmon stocks may not be confined t o  the nearshore areas of 
the  eas tern  I n l e t .  Therefore, tagged f i s h  in t h i s  area may not be 
representa t ive  of the  t o t a l  I n l e t  re turn ,  but only a small segment of i t .  
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Tab le  1. M i g r a t o r y  r a t e s  o f  sockeye salmon tagged and recovered  i n  
Cook I n l e t ,  A laska i n  1983. 

Mean 
M i g r a t o r y  Rate Standard Sampl e 

D i s t r i c t  Area ( km/day D e v i a t i o n  S i ze  

No r the rn  F i s h  Creek 8.9 2.9 3 

Cen t ra l  Sal amatof Beach 16.9 12.8 6 9  
Kal  i fonsky Beach 14 .O 11 - 0  40 
Cohoe Beach 13.4 13.5 3 0 
N i n i  1  c h i  k  Beach 14.7 6.0 7 
Kenai R i v e r  a t  

Russian R i v e r  w e i r  8.6 0.8 5 
Kenai R i v e r  a t  

Q u a r t z  Creek w e i r  13.0 12.0 2  



Tab le  2. M i g r a t o r y  r a t e s  o f  sockeye salmon tagged and r e c o v e r e d  i n  
Cook I n l e t ,  A laska  i n  1984. 

D i s t r i c t  
M i g r a t o r y  Rate Standard Sampl e 

Area ( k m / d a ~  D e v i a t i o n  S i z e  

N o r t h e r n  Beshta  Bay 18.9 
Three M i l e  Beach 23.2 
Moose P o i n t  28 
F i s h  Creek 11.3 
Sus i  t n a  R i v e r  

a t  Sunshine 20.6 

C e n t r a l  

Southern  

Sal  amatof  Beach 14.9 
Ka l  i f o n s k i  Beach 14.4 
Cohoe Beach 14.2 
N i n i l c h i  k Beach 17.3 
Kenai R i v e r  a t  

Russ ian R i v e r  w e i r  9.3 
Kenai R i v e r  a t  

Q u a r t z  Creek w e i r  7.2 

China Poot 14.7 
T u t k a  Bay 7.8 
E l  d r e d  Passage 7 .1  
P o r t  Graham 26.7 
H a l i b u t  Cove 23.2 
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Table 4. Differential migratory r a t e s  of sockeye salmon tagged and recovered in Uoper Cook Inlet ,  Rlaska in  1984 (offshore t a p  
only). 

.................................................................................................................................... 

Salamatof Reach Kal i fonsky Beach Cohoe Reach Mid-Inleta 
............................. ........................... ............................ 

Tagging Rate Standard Sample Rate Standard Saraole Rate Standard Saaple Rate Standard Sample 
Period (kmlday) Deviation Size (km/day) Deviation Size (kmlday) Deviation Size (km/dayl Deviation Size 

3 July t o  17.1 4.5 14 15.3 5.6 21 12.6 4.0 17 3.5 5.8 113 
0 July 

12 July t o  13.4 6.5 14 ICJ. 3 8.7 31 8.4 10.7 10 16.1 12.3 32 
15 July 

a Drift g i l l  net recoveries 



Table 5.  Migratory r a t e  of sockeye salmon tagged a t  Cape Igvak, Alaska and 
recovered in  Upper Cook I n l e t ,  Alaska in  1969 (ADF&G undated) .  

Date Date Distance Migratory Rate 
Tagged Recovered Days ( km> a ( km/da~ 

June 28 

J u l y  6  

J u l y  6  

J u l y  6  

J u l y  6  

J u l y  6  

J u l y  6  

J u l y  6  

Mean 

J u l y  7 

J u l y  18 

J u l y  14 

J u l y  14 

J u l y  15 

J u l y  25 

J u l y  25 

August 10 

a Exact l o c a t i o n  of recover ies  not repor ted .  However, i t  i s  assumed t h a t  most 
r ecove r i e s  came from t h e  commercial f i s h e r i e s  s i n c e  stream recovery loca t ion  
s i t e s  were l i m i t e d  in  1969. Therefore,  a  mid - in l e t  recovery l o c a t i o n  was 
assumed and a  s t r a i g h t  l i n e  d i s t a n c e  path from Cape Igvak was followed. 



Table 6. Migratory r a t e  of  sockeye salmon tagged a t  Kayak I s l and ,  
Prince Will iam Sound and recovered in  Upper Cook I n l e t ,  
Alaska, 1985. 

Tag Date Date Distance Migratory Rate 
Number Tagged Recovered Travel ed (km) a ( km/d ay 

6/27 7/08 

6/28 7/12 

6/28 7/ 10 

6/29 7/19 

6/30 7/15 

7/04 7/16 

7/04 7/15 

7/04 7/25 

7/04 7/24 

Mean 

a Migratory d i s t a n c e  was ca l cu la t ed  using t h e  minimum water 
d i s t a n c e  from tagging 1 oca t ion  t o  recovery 1 oca t i  on. Therefore,  
migratory r a t e s  r ep re sen t s  a minimum es t ima te .  Tagging d a t e s  
were provided by McCurdy (ADF&G, Cordova, personal communication). 



Table 7. M ig ra to ry  r a t e s  o f  coho, p ink,  and chum salmon tagged and 
recovered i n  Cook I n l e t ,  Alaska i n  1983 and 1984 (o f f sho re  
on l y ) .  

M igra tory  Rate Standard Sampl e 
Year Species ( km/day Dev ia t ion  Size 

1983 Coho Salmon 9.1 

Chum Salmon 13.5 

Pink Salmon 43.2 

1984 Coho Salmon 15.8 

Chum Salmon 18.6 

Pink Salmon 31 .O 15.6 4 a 

a Inc ludes two f i s h  from Anchor Po in t  tagging recovered on N i n i l c h i k  
Beach. 



Table 8. Data collected on chinook salmon tagged and recovered in 
Upper Cook Inlet, Alaska in 1984 (Anchor Point). 

Date Date Migratory Rate 
Tagged Recovered Location ( km/da~ 

7109~ 7/25 Kenai River(10.0km) 5.6 
8/13 Kenai River(ll9.2km) 5.7 (5.7 in river) 

7/10a 8/ 13 Kenai Ri ver(0. Okm) 2.3 

7/ 15 7/ 19 Kenai River(l4.5km) 23.4 

7/15 7/22 Kenai River(l4.5km) 13.3 

7/ 15 7/3 1 Kenai River(l2.9km) 5.7 

7/ 15 7/17 No 1 ocation noted(set gillnet) 

a Radio tagged. 
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Figure 1. The Upper Cook Inlet area showing the locations of the Northern and 
Central Districts and the major sockeye salmon spawning drainages. 
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Figure 2.  R u n  t iming of t he  major salmon s tocks  wi th in  Cook I n l e t ,  Alaska. 
Source: P .  Ruesch, ADF&G, Soldotna,  personal communication. 
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Figure  3 .  Number of chinook,  sockeye ,  and coho salmon commercially ha rves ted  
i n  Upper Cook I n l e t ,  Alaska,  1954-1987. Source:  P .  Ruesch, A D F & G ,  
S o l d o t n a ,  personal  communication. 
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F i g u r e  4 .  Number o f  p i n k  and  chum sa lmon  and  a l l  sa lmon combined c o m m e r c i a l l y  
h a r v e s t e d  i n  Upper Cook I n l e t ,  A l a s k a ,  1954-1987 .  S o u r c e :  P .  Ruesch ,  
ADF&G, So l  d o t n a  , p e r s o n a l  commun ica t i on .  
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Figure 5. Surface c i r cu l a t i on  i n  Lower Cook I n l e t  and Sheli kof S t r a i t ,  based 
primarily on data collected during the  spring, summer, and ear ly  f a l l  
seasons. Source: ADF&G, 1978. 
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APPENDICES 



Appendix A . 1 .  Tagging location and date of individual purse seine se ts  
made in Upper Cook In l e t ,  Alaska, 1983. (NOTE: 18(1)  - 
18 refers t o  date; ( 1 )  refers t o  s e t  number). 



Appendix A.2 .  Tagging location and date of individual purse seine se ts  
made in llpper Cook I n l e t ,  Alaska, 1984.  ( N O T E :  1 1 ( 2 )  - 
11 refers t o  date; ( 2 )  refers t o  s e t  number). 



Appendix A.3. Ana l ys i s  o f  c o n d i t i o n  f a c t o r s  assigned t o  tagged salmon 
i n  Upper Cook I n l e t ,  A laska 1983 and 1984 ( o f f s h o r e ) .  

Cond i t i on  Fac to r  
(Percent  o f  F i sh )  

Date 1 2 3 4 S a m p l e s i z e  

To t  a1 
1984 

T o t a l  a 
1983 

Tagged 
Recovered 
Tagged 
Recovered 
Tagged 
Recovered 
Tagged 
Recovered 
Tagged 
Recovered 
Tagged 
Recovered 
Tagged 
Recovered 
Tagged 
Recovered 
Tagged 
Recovered 
D i f f e r e n c e  

Tagged 
Recovered 
D i  f f e r e n c e  

a By da te  a n a l y s i s  n o t  completed i n  1983 because o f  smal l  sample s i z e .  
C o n d i t i o n  f a c t o r :  1 = poor,  4 = good. 
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Oopendix R.6. Summary of salmri swcies tagged and recovered in U~per Cook Inlet, Fllaska during July, 1'384 
(hchor Point f . 

Sockeye Salmon Chinook Salmon Coho Salmon Pink Salmon Total Salmon 
------------------ ------------------ ----------------- ----------------- ------------------ 

Date Set Tagged Recaptured Tagged Recaptured Tagged Recaptured Tagged Recapt ~red Tagged Reca~t ured 

T OTFiL 368 567 
PERCENT 58.6% 



Ro~endix 9.7. Sumarv of the tag recoveries by location and gear tyoe  fro^ tagged adult salmon released in 
Uooer C ~ t k  Inlet, Rlaska, 1983 (offshow). 

Nunber of Recaptpures by Gear Tyoe Number of Number of 
........................................... Recaot u w s  Recaptures 

Fishing fwm River with no 
Species District Purse Seine Drift 6i l l  Net Set Gill Net Systems Location Reporteda 

Sockeye Salmn Northern 
Central 
Southern 
Total 
~ercen t b 

Chum Sal~on Northern 
Central 
!but hern 
Total 
percent b 

Coho Salreon Northern 
Central 
Southern 
Tot a1 
percent b 

Pink Salmn Nort hern 
Central 
Southern 
Total 
perrenth 

R11 Species Nort hern 
Central 
Southern 
Tot a1 
~ercentb 

a Placed in  Northern District r o w  for reoresentation only. 
b Percent of total fish tagged, excludes Chini tna Bay tans in a l l  calculations as these were isolated 

to a swcific area. 



Plpoendix R.8. Freshwater recoveries of sockeye salmn tagged in U~per Cook Inlet, R1ask.a in 1983 and 
1364 (of f  show). 

Kenai River Kasilof River 
------------------------- 

Fish Susitna 
Date Russian Quartz Mainstem Bear Glacier Flat Other Creek River Other Total 

10July83 
18July83 
18July83 
18July83 
19July83 
13July83 
24July83 
27July83 

Total 

02July84 
03July84 
04JulyB4 
06July84 
08July84 
12July84 
12July84 
12July84 
14July84 
15JuIy84 
24JulyM 
24July84 

Total 



Ftopendix Ft.3. Summary o f  the tag r.ecweries by location and gear type f m n  tagged adult salmon released 
in Uo~er C D O ~  Inlet, Alaeka7 1984 (offshore). 

Number of Recaptures by Gear Type Number of 
.......................................... Recapt uws Number of 

Fishing from River Recaptures with no 
Spec i es District Purse Seine Drift Gill Net Set Gill Net System Location Reporteda 

Sockeye Salwon Mort hern 0 0 52 77 13 
Central 0 169 190 54 
Southern 9 0 0 0 
Total 9 169 272 131 
percent b 0.38% 7.06% 11.36% 5.47% 0.54% 

Chum Salmon krt  hern 0 0 2 32 I 
Central 0 8 1 2 
Southern 0 0 0 0 
Total 0 5 3 34 
~ercentb 0.00% 1.23% 0.46% 5.22% 0.15% 

Coho Sal~on Hart hern 0 0 7 5 0 
Central 0 5 3 1 
Southern 0 0 0 0 
Tota l  0 B 10 b 
~ercentb 0.00% 5. BB$ 7.35% 4.41% 0.00% 

Pink Salmon Northern 0 0 2 7 0 
Central 0 0 0 1 
Sout herrr 0 0 0 0 
Total 0 0 2 8 
~ercentb 0. OW 0. 00% 1.82% 7.27% 0.00% 

Fili Soecies Northern 0 0 93 121 14 
Central 0 185 194 55 
Southern 9 0 0 0 
Total 9 1 85 287 179 
~ercentb 0.27% 5 . 2 %  8.7'2% 5.44% C1.43 

a Placed in Northern District r o w  f o r  reowsentation only. 
b Percent o f  total fish tagged. 



Rpwndix R. 10. Sultlmary of the tag wcweries by location and gear t y p e  f rm  tagged adult s a h n  released 
in Upper Cmk Inlet, Rlaska, 1984 (Clnchor Point). 

Number of Recaptures by Gear Type 
Number of Number of 

Fishing Purse Recaptures from Recaptures with no 
Species District Seine Drift Gill Net Set Gill Net River Systms Location Repwteda 

Sockeye Salmon Northern 
Central 
Southern 
Total 
percent b 

Chinook Salmon Northern 
Central 
Southern 
Tot a1 
Percent b 

Coho Salmon Northern 
Central 
Southern 
Total 
percent b 

Pink Salmon Northern 
Central 
Southern 
Total 
percent b 

FIll S m i e s  Northern 
Central 
Southern 
Total 
~ercentb 

a Placed in Northern District r o w  for rawsentation only. 
Percent of total fish tagged. 



T r i b u t a r y  Recoveries 

Susttna Rlver  System 
Sunshine S t a t f o n  

I Tags 
6 days = 1 
7 days = 1 
9 days = 2 
10 days = 1 
1 2  days = 2 
15 days = 1 
16 days = 1 
17  days = 1 
33 days = 1 

Larson Lake Weir 

Tributary Recoveries 

20 = 14 days = 1 211 days = 1 
22 days = 1 

= 

- 
Appendix A.l l .  Location ( X )  of a  single purse seine s e t  o n  14 July 

that resulted in the tagging and release of 860 
sockeye salmon. Each number on the map represents 
the recovery of a  single tag - the number indicates 
days passed since release o n  14 July 1984. 



Appendix A.12. Migratory r a t e  of sockeye salmon tagged in  Upper 
Cook I n l e t ,  Alaska from 1949-1958 and repor ted  on 
by Tyler  and Noerenberg (undated) .  

Tagg i  ng Migratory Rate Sampl e  
Location o f  Tagging Date (km/da~ a S i ze  

Chi s i  k  Is1 and Trap J u l y  12, 1949 

J u l y  24, 1955 

June 28, 1957 

June 29, 1957 

J u l y  13, 1957 

Chis ik  I s l a n d s e i n e  J u l y 0 5 ,  1954 

J u l y  07, 1954 

J u l y  12, 1954 

J u l y  13, 1954 

Kalgin I s land  Seine J u l y  06, 1954 

J u l y  09, 1954 

J u l y  11, 1954 

J u l y  13, 1954 

J u l y  14, 1954 

J u l y  16, 1954 

J u l y  17, 1954 

Kalgin Is1 and Trap J u l y  17, 1955 
J u l y  17, 1957 

- Continued - 



Appendix A.12. (page 2 of 2) 

Tagg i  ng Migratory Rate Sampl e  
Location of Tagging Date (km/da~ ) a S ize  

Kalgin I s land  Trap J u l y  02, 1958 

J u l y  05, 1958 

J u l y  06, 1958 

J u l y  07, 1958 

J u l y  1 2 ,  1958 

J u l y  13, 1958 

J u l y  14, 1958 

J u l y  16, 1958 

J u l y  17, 1958 

J u l y  18, 1958 

J u l y  19, 1958 

J u l y  20, 1958 

J u l y  23, 1958 

J u l y  24, 1958 

a Tyler  and Noerenberg repor ted  mean days out  t o  capture  and mean 
miles  t r a v e l e d  and, t h e r e f o r e ,  t h e  r a t e s  ca l cu la t ed  in  t h i s  t a b l e  
r ep re sen t  a  simple d i v i s i o n  of t hese  two parameters.  Individual  
c a l c u l a t i o n  f o r  each t a g  r e t u r n  was not poss ib l e  o r  var iance  
ca l  cul a t  i ons f e a s i b l e .  



8~uendix 8.13. Mioratory rate of sockeye salmon tagged at Kayak Island, Rlaska in 1985 and 
and recovered in Prince William Sound! R1aska.a 

Migratory Migratory 
Tag Tag Recovery Recovery Days Distance Distance Rate Rate 
No. Date ~mationb Date Out ikm) (kml (kmlday) (km/day) 

15071 6/28 2213OOCIO 7/01/85 3.0 148.0 167.0 49.3 55.7 
13486 6/27 22130000 7/02/85 5.0 148.0 167.0 29.6 33.4 
15754 7/07 22l30000 7/17/85 10.0 148.0 167.0 14.8 16.7 
15461 7/04 22130000 7/16/65 12.0 148.0 167.0 12.3 13.9 

Mean 7.5 148.0 i 67.0 26.5 29.9 
Variance 17.7 0.0 0.0 289.5 368.6 
SD 4. 2 0.0 0. 0 17.0 19.2 

7/01/55 
7/02/55 
7/02/85 
7/30/85 
7/01/85 
7/02/85 
7/01/85 
7/01/85 
7/02/85 
7/01/85 
7/01/05 
7/02/85 

lslean 
Var i a m  
SD 

7/02/85 
7/62/05 
7/11/85 
7111/85 
7/02/85 
7/12/85 
7/11/85 
7/02/85 

Mean 
Variance 
SD 

- Continued - 



Tag Tag Recovery 
No. Date ~ocationb 

Recovery 
Date 

7/05/85 
7/24/85 
7/09/85 
7/03/85 
7/08/85 
7/06/85 
7/11/85 
7/06/85 
7/6/85 
7/03/85 
7/03/85 
7/12/85 
7/03/85 
7/06/85 
7/12/85 
7/09/85 
7/23/85 
7/01/85 
7/15/85 

Hean 
Variance 
SD 

Mi oratory 
Days Distance 
out I  MI 

Migratory 
Distance 

I kra) 
Rate Rate 

(kat/day) (km/day) 

- Continued - 



Miqratory Migratory 
Tag Tag Recovery Recovery Days Distance Distance Rate Rate 
No. Date h a t  ionb Date Out Ikm) (km) i km/day 1 (km/dayi 

7113165 
7/07/85 
7/05/85 
7/05/65 
7/07/85 
7/13/85 
7/12/85 
7/06/85 
7/11/85 
7/11/85 
7/03/85 
7/05/85 
7/04/85 
7/03/85 
7/13/85 
7/10/85 
7/02/85 
71 1I3185 
7/ 13/85 
7/13165 
7/14/85 
7/06/85 
7/12/85 
7/02/85 
7/05/83 
7/11/85 
7/12/85 
7/05/65 
7/12/85 
7/06/85 
7/07/85 
7/04/85 
7/23/85 
7/05/65 
7/17/65 
7/13/85 
Hesn 
Variance 
SD 

a Recovery lofation - R F B G  statistical area; for example, 22330322 is Coghill River weir, 
b Source of data - Mike WfCurdy [pemonal cmunicat ion). 



Appendix A.14. Migratory r a t e  of chum salmon tagged in Upper Cook 
In l e t ,  Alaska i n  1958 and reported by Tyler and 
Noerenberg (undated). 

Tagg i ng Sample 
Location of Tagging Date Migratory Rate (km/day) Size 

Anchor Point Seine July 1 

July 2 

July 3 

July 4 

Kalgin Island Seine July 9 

July 10 

Cape Kasi lo f  Seine July 11 

July 12 

Chi s i  k Is1 and Trap July 25 

Kalgin Island Trap July 18 

July 24 

a Tyler and Noerenberg reported mean days out t o  capture and mean miles 
traveled and, therefore,  the ra tes  cal cul ated in th i  s tab1 e represent 
a simple division of these two parameters. Individual calcula t ion 
fo r  each tag return was not possible or  variance calcula t ions  feas ib le .  



Appendix A.15. Migratory r a t e  of coho salmon tagged i n  Upper Cook 
In1 e t ,  A1 aska in  1958 and repor ted  by Tyler  and 
Noerenberg (undated) .  

Tagg i  ng Sampl e 
Location of  Tagging Date Migratory Rate (km/day) S i z e  

Anchor Point  Seine J u l y  3 8 . 6  5 

J u l y  4 9.3 9 

Nini lch ik  Seine J u l y  8 12.1 2 

Cape Kasi lof  Seine J u l y  11 8.4 6 

J u l y  12 7.0 4 

Chisi  k I s land  Trap J u l y  27 5 .8  8 

J u l y  28 13.4 12 

Kalgin I s land  Trap J u l y  2 0.4 1 

J u l y  5 1.6 6 

J u l y  6 0.4 2 2 

J u l y  12 7.2 3 8 

J u l y  13 5.7 13 

J u l y  14 25.7 1 

J u l y  16 4.6 6 

J u l y  18 12.1 18 

J u l y  19 5.9 6 

J u l y  20 5.1 17 

J u l y  23 2.6 17 

J u l y  24 4.8 2 1 

a Tyler  and Noerenberg repor ted  mean days out  t o  cap tu re  and mean 
mi les  t r a v e l e d  and, t h e r e f o r e ,  t h e  r a t e s  ca l cu la t ed  in  t h i s  t a b l e  
r ep re sen t  a simple d i v i s i o n  of t h e s e  two parameters.  Individual  
c a l c u l a t i o n  f o r  each t a g  r e t u r n  was not  poss ib l e  o r  var iance  
c a l c u l a t i o n s  f e a s i b l e .  



Appendix A.16. Migratory r a t e  of pink salmon tagged in Upper Cook 
I n l e t ,  Alaska in  1958 and repor ted  by Tyler  and 
Noerenberg (undated).  

Migratory Rate Sampl e  
Location of Tagging Date ( km/da~ S ize  

Anchor Point  Seine J u l y  1 

J u l y  3 

J u l y  4 

J u l y  8 

Kalgin I s land  Seine J u l y  10 

Cape Kasi lof  Seine J u l y  11 

Kalgin I s land  Trap J u l y  5 

J u l y  6 

J u l y  12 

J u l y  13 

J u l y  14 

J u l y  17 

J u l y  18 

J u l y  19 

J u l y  20 

J u l y  23 

a Tyler  and Noerenberg repor ted  mean days out  t o  capture  and mean 
mi les  t r a v e l e d  and, t h e r e f o r e ,  t h e  r a t e s  ca l cu la t ed  in  t h i s  t a b l e  
r ep re sen t  a  simp1 e d i v i s i o n  of t h e s e  two parameters.  Individual  
c a l c u l a t i o n  f o r  each t a g  r e t u r n  was not poss ib l e  o r  var iance  
ca l cu l  a t i o n s  f e a s i b l e .  



Because the Alaska Department of Fish and Game receives federal funding, all of its 
public program0 and activities are operated free from discrimination on the basis of race, 
religion, color, national origin, age, sex, or handicap. Any peraon who believes he or she 
has been discriminated against should write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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